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LETTER  OF  SUBMITTAL. 


San  Fbanoisoo,  Calif.,  Ju2y  1919. 
To  the  Secbstaby  of  thb  Intbbeob  and  the 

Board  of  Directors,  Imperial  Irrigation  District. 

Sirs:  There  is  submitted  herewith  our  report,  as  required  by  the 
terms  of  the  agreement  between  the  Secretary  of  the  Interior  and  the 
board  of  directors  of  Imperial  Irrigation  District,  bearing  date  Feb- 
ruary 16, 1918,  whic}\  provides  for  surveys  and  studies  of  the  problrai 
of  constructing  a  canal,  located  entircdy  within  the  United  States, 
from  Colorado  River,  at  the  Laguna  Dam,  into  the  Imperial  Valley, 
Calif.  A  preliminary  report  transmitting  a  cost  estimate  was  sub- 
mitted in  Decembw,  1918.  On  the  basis  of  later  and  more  complete 
information,  the  earlier  estimates  have  been  revised  for  this  final 
report,  and  as  required  by  the  terms  of  the  agreement,  the  larger 
problems  of  the  Colorado  River  are  therein  discussed. 

It  is  hoped  that  means  will  be  found  to  put  into  effect  at  an  early 
day  the  recommendations  made  by  this  board. 
£eiq>ectfullyi 

Elwood  Mead, 
w.  w.  schlecht, 

C.  E.  Grunsky, 
AU-American  Canal  Board. 
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THE  ALL-AMERICAN  CANAL. 

(Fron  Cotorado  Bifer  ndo  the  iMpedal  VaUey,  CaliL) 

Part  I. 

REPORT  OF  THE  ALL-AMERICAN  CANAL  BOARD. 

By  Dr.  Blwood  Msad,  W.  W.  Schunibx,  and  C.  E.  Gkokskt. 

ORGANIZATION  AND  DUTIES  OF  THE  ALL-AMEBiCAN  CANAL  BOARD. 

TluB  board  hM  been  appointed  under  tbe  pioviBioiis  ci  an  agree- 
ment bearing  date  February  16,  1918,  between  the  Secretary  of  the 

Interior  and  the  Imperial  irrigation  district  of  California,  of  which 
a  copy  has  been  attached  hereto.    (See  Appendix,  p.  65.) 

The  United  States  Reclamation  Service  has  placed  its  records  and 
office  facilities  at  the  diqiosal  of  the  board  and  has  submitted  the 
designs  for  the  proposed  power  plants,  which,  while  remaining  subject 
to  any  modification  that  may  later  be  found  necessary  to  adapt  them 
to  the  peculiar  conditions  of  a  canal  from  Colorado  River,  have  been 
made  the  basis  of  the  cost  estimate  rdUkting  to  the  developm^t  of 
power. 

This  board  is  required  to  submit  "specific  conclusions  and  recom- 
mendations  as  to  the  future  policy/'  It  is  in  compliance  with  this 
requirement  that  the  following  discussion  of  the  problem  of  the  lower 
Colorado  River,  which  involves  not  only  the  construction  of  a  canal, 
but  also  protection  i^inst  a  flood  menace  from  beyond  this  count^s 
boundary,  is  now  presented.  The  situation  deserves  the  best  thou^t 
not  only  of  those  who  may  be  called  on  to  perfect  a  project  for  the 
better  and  more  complete  irrigation  of  the  Imperial  and  Coachella 
Valleys,  but  also  of  those  who  may  be  dmzged  with  the  planning  and 
execution  of  some  arrangement  with  Mexico  whereby  the  United 
States'  interests  will  be  adequately  protected.  The  board  ventures 
to  hope  that  its  conclusions  may  be  of  some  assistance  in  bringing 
about  a  satisfactory  agreement  between  the  two  countries. 

Fttr  more  complete  information  rdUiting  to  the  Colorado  River  and 
tiie  probl^ns  relating  to  irrigatiim  there&om,  to  its  floods  and  pfob* 
lems  connected  therewith,  and  to  the  possibilities  of  regulating  its  flow 
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to  some  extent  by  the  construction  of  storage  reservoirs,  reference 
should  be  bad  to  the  following  publications  and  compilations: 

B0p(vt  on  the  TMfizalian  c<  the  Watos  of  Od<md0  Biv«r  k«  Inigatiim  and  ite 
Bdation  to  the  Imperial  Valley,  Galifonda,  by  0.  E.  Qraiid^,  consaltiiig  eiigineer  in 
tito  United  Stales  Bedamatkm  Service.  Dated  Jnm  SO,  1907,  and  addressed  to 
Hon.  James  Bi^hdpk  QarficOd*  Secretary  of  the  Interior*  (S.  Dee.  No.  103,  65tik 
Ckmg.,  let  sesB.) 

Ckdorado  Biver  and  its  VtUiaadon,  by  E.  G.  LaBne  (Water  Supply  Paper 

No.  385,  U.  8.  Geological  Survey.)^ 
The  Lower  Oolofado  and  the  Salton  Basin,  by  G.  E.  Granaky  (ThmwaHimw  American 

Society  of  CSvil  Engineers,  Vd.  UX,  pp.  1-51.  Dec.,  1907). 

Irrigation  and  River  Gontrd  in  the  Colorado  River  Delta,  by  H.  T.  Cory  (Transac- 
tions American  Sod^  of  (AvU  Ei#aeaB,  Vol.  LXXVI,  pp.  1204-1453.  Dec.,  1913). 

Also  tbe  impubliahed  very  comprehensive  odmpilation  <rf  material  b^luiiie:  on  &e 
OtHamio  River  by  John  T.  Whistla*,  oi  United  States  Reclamation  Smice,  and 
on  filein  the  Redamataon  Service  offices  at  Wasidnghm,  Denver,  and  Ynraa. 

THE  FSESEBIT  SmiA!I3C»(  ON  THE  LOWER  COLOSLADO  RIVER. 

This  board  can  not  adequately  present  and  discuss  the  problem 
of  an  ali^American  or  high-line  canal  from  the  Colorado  River  into 
the  Imperial  Yalkiy  without  f0vi6wing  biieay  ihe  present  situation 
on  the  lower  Colorado  BirWy  which  in  many  respects  is  unique  and 
exceptionally  complex.  The  factors  which  are  responsible  for  this 
condition  are  to  be  sought  in  the  physical  characteristics  of  the  river 
and  of  the  delta  cone  which  it  has  pushed  from  Yuma  southwesterly 
into  Meddeo;  the  unfortunate  location  of  the  international  boimdary 
]ine;  and  the  hunuki  agencies  whidi  have  disturbed  and  modified  the 
liver's  natural  delta  channels  and  delta  conditi(»is  generally,  and 
have  given  the  river  an  opportunity  to  run  wild. 

The  principal  facts  to  be  considered  in  any  discussion  of  the  prob- 
lem of  the  loweiT  Colorado  Biver  are  presented  in  the  iollowiog 

?^Se  Colorado  River  is  essentially  a  United  States  river,  but  it 

becomes  an  international  boundary  at  Pilot  Knob,  about  8  miles 
below  Yuma.  Its  outfall  into  the  Gulf  of  California  is  wholly  on 
Mexican  territory.  For  about  20  miles  below  Pilot  Knob  the  river 
is  the  boundary  between  the  United  States  and  Mexico.  Arizona 
lies  to  the  east  and  Lower  California  to  the  west  of  this  part  of 
the  river.  The  water  of  the  lower  Colorado  River,  or  more  par- 
ticularly the  water  which  flows  in  the  river  past  Yuma,  has  its 
source  in  seven  States.  A  small  ])ortion  only  of  the  watershed 
of  the  Colorado  above  Yuma,  possibly  1,500  square  miles  out  of  a 
a  total  of  244,000  square  miles,  is  in  Mexico,  but  in  a  region  of  light 
rainfall  with  almost  negli^ble  effect  upon  the  river's  flow  at  Yuma. 
Practically  the  entire  flow  of  the  river  origiaates,  therefore,  within 

1  This  paper  contains  much  valuable  infonnatioii  relating  to  Colorado  River  and  its  tributaries  and  gives- 
an  estimate  of  the  possible  ultimate  extent  of  irrigation  from  this  stream.  It  contaiiis  a  good  refereboe  to 
pabUostionsdesoribliigtbe  river  and  early  exploration 
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the  United  States.  The  records  of  the  United  States  Geological 
Survey  indicate  that  since  1902  this  flow  at  Yuma  has  ranged  from  a 

minimum  of  8,000,000  acre-feet  to  a  maximum  of  26,000,000  acre- 
feet  and  has  averaged  somewhat  more  than  17,000,000  acre-feet 
pw  ynwiim  At  the  lowest  stage  in  the  fall  and  early  winter  months 
the  discharge  of  the  river  at  Yuma  may  drop  oecasiQ^aily  to  3,000 
second-feet,  though  the  ordinary  low-water  stage  has  usually  been 
about  4,000  second-feet.  At  its  highest  stages  the  discharge  is 
reported  to  have  exceeded  200,000  second-feet.  The  ordinary  sum- 
mer twn-Yiniiini  flow  foT  the  period  covered  has  averaged  94,000 
second-feet. 

There  have  been  times,  confirmed  by  Indian  traditions,  when  the 
Colorado  River  delivered  its  water  into  the  Salton  Basin  instead  of  as 
at  present  into  the  Gulf  of  California.  This  basin  was  then  an  inland 
sea  with  a  surface  area  of  nearly  2,000  square  miles,  embracing  all 
of  what  is  now  known  as  Imperial  and  Coachella  Valleys-  This  sea 
extended  from  the  Volcano  Lake  in  Lower  CaUf omia  northwesterly 
into  California  to  a  point  a  few  miles  to  the  northward  of  Indio.  T%e 
greatest  depth  of  this  sea  was  about  320  feet.  Its  margin  is  well 
marked  by  a  beach  line  which  can  readily  be  traced  at  many  points 
on  both  ^des  of  Salton  Badm. 

For  more  than  400  years,  and  probably  for  a  period  of  more  thaa 
500  years  (it  may  have  been  considerably  longer),  the  Colorado  River 
has  discharged  uninterruptedly  into  the  Gulf  of  California,  except 
only  for  about  one  year,  1905  to  1907,  when  its  dischai^e  was  tempo- 
rarily inland  into  the  Salton  Sea. 

The  Colorado  River  at  and  below  Yuma  is  a  muddy  stream  flowing 
in  a  broad  bed  of  sand.  The  sediment  and  sand  which  it  transports 
in  suspension  and  as  a  bed  load  if  uniformly  distributed  would  cover 
about  90,000  to  1 00,000  acres  1  foot  in  depth  on  an  average  per  annum. 
The  Gulf  <tf  .Cahfomia  at  one  time  in  the  past  extended  far  into  Cal- 
ifornia, embracing  most  of  the  area  now  known  as  Salton  Basin,  of 
which  the  larger  portion  lies  below  sea  level.  'The  sand  and  sediment 
brought  down  by  the  river  has  built  up  a  delta  cone  whose  upper  end 
or  apex  may  be  considered  to  be  at  Yuma  and  which  spreads  out  fan- 
shaped  to  l^e  south  and  west,  thence  witibi  a  gentle  dope  toward  the 
north,  far  into  California.  It  rounds  the  southern  ternnnati<Mi  in 
Mexico  of  the  mesa  formation  which  flanks  the  right  bank  of  the  river. 
This  delta  embraces  what  is  known  as  Yuma  Valley  on  the  east  side  of 
the  river,  a  small  part  of  Sonora  near  the  upper  end  of  the  Gulf  of 
California,  the  portion  of  Lower  California  lying  between  the  river  and 
the  Cocopah  Mountains  except  a  small  area  of  mesa  and  sand* 
hill  formation  which  projects  over  the  international  boundary  from 
California  and  except  the  detrital  slope  at  the  base  of  the  Cocopah 
Bai^,  and  alao  tl^  region  at  one  tune  known  as  the  New  River 
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countrv  in  California  and  now  known  as  Imperial  VaUey  Th^ 
delta  cone  was  built  across  the  ancient  Gulf  of  Cahfonna  and  cut  off 
the  Salton  Ba^  from  a  comiection  with  the  gulf.  Ite  crest  foUowB 
a  line  alighay  convex  to  the  south  from  a  few  miles  below  Pilot  Knob 
to  the  base  of  the  detrital  dope  of  the  Cocopali  Mountains  west  or 
northwestof  VolcanoLake.  Volcano  Lake,  now  pTMticallyobhterated 
bv  deposits  of  silt,  was  a  flat  depression  on  top  of  lihe  broad  deltajc 
ridge,  from  wMch  there  were  outlets  carrying  water  at  the  river's 
periodic  high  stages  both  toward  the  south  into  the  guH  region  and 
toward  the  north  into  the  New  River  country. 

Under  the  conditions  as  modified  by  human  agency,  the  river 
has,  as  noted  above,  broken  from  ite  bed  in  recent  yews,  first  in  1905 
(and  1907),  near  the  apex  of  the  delta,  and  agam  m  1909,  20  miles  far- 
ther south.   The  river  was  turned  back  into  its  proper  ch^el  after 
breaking  from  ite  course  near  the  head  of  the  delta.  ^The  change 
made  in  1909  put  the  river  on  the  course  toward  Volcano  Lake,  as  it 
flows  to-dav.    Fortunately  the  point  at  which,  this  change  o«c^ed  at 
the  head  of  the  Abejas  or  Bee  River,  is  so  far  downstream  that  by 
means  of  levees  the  river  could  be  and  has  been  prevented  from  tak- 
ing  a  couise  down  the  north  slope  of  the  delta  cone  into  Imperial 
VaUev    The  river  must  be  kept  on  a  course  to  the  south,  with  out- 
fall into  the  Gulf  of  California,  if  disaster  to  the  Imperial  and 
CoacheUa  VaUeys  is  to  be  avoided.     The  river  on  ite  on^al  courae 
was  as  far  east  at  certain  pomts  below  Arizona  as  it  could  go.  ite 
com^e  brought  it  hard  up  against  the  first,  second  and  thu  d  niesas 
in  Sonora.    The  only  change  of  alignment,  m  «  large  ^ense  /bove 
the  lowest  of  these  points  which  the  nver  coidd  make  was  through 
a  breach  of  its  right  or  west  bank  below  the  Qaliforma  boundary  and, 
therrfore,  upon  Meadcan  territory. 

eleva^n  above  meansealevel  of  the  apex  of  the  delta  cone  of 
Colorado  River  near  Yuma  is  about  125  feet.  At  the  -ou^  bounda^ 
line  of  .\i-izona,  b^ng  near  the  point  where  the  nver  »fe«^o^«d  ite 
original  bed  in  1^09,  the  general  elevation  of  the  river  bank  land  is 
feet.  Tbence  westerly  the  ground  falls  toward  Volcano 
LakeaboutSOfeetinadistanceofSOmUes.  ^^?^Volcano  Lake  th^^^^^ 
is  a  gradual  fall  toward  the  nortti  into  Imperial  Valley  and  to W 
the  iuth  into  the  gulf  region.  The  lowest  pomt  of  the  vri^  floor 
akmg  tJiesouth  boundary  line  of  Calif  orma,  not  considering  the  deeply 
^d  barranca  of  New  River,  is  about  6  miles  west  of  Calexico, 
t^uVli  nbelow  sea  level.  BlCent^isabout  50feet  andBrawley 

about  110  feet  below  sea  level.  , ,  , 

In  its  natural  condition,  before  being  affected  by  hamm  «t«^ 
ih.  Cdorrfo  Kiver  below  Yuma  at  its  flood  stages  sent  water  wer- 
Ckto&TiiiAt  «id  Wt.  Some  o£  the  right-bank  flood  water  flow- 
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dropped  off  toward  the  north.  Notable  among  these  channels  is  the 
Alamo  River,  at  one  time  also  known  as  Salton  or  Carters  Rivw, 

Other  flood  water,  coUecting  in  the  Paredones  and  Saiz  Channels, 
went  southwesterly  and  westerly  into  the  Volcano  Lake  region,  and 
still  other  water  escaping  from  the  river  lower  down  was  collected 
by  the  Abejas,  the  Pescadero,  and  other  southwesterly  channels,  and 
ultimately  found  its  way  through  the  Hardy  Colorado  into  the  Gulf. 
The  mam  portion  of  the  delta  was  thus  well  watered.  The  extent  of 
annual  flooding  varied,  of  course,  with  the  magnitude  and  duration 
of  the  flood  flow  As  a  consequence  of  this  well-watered  condition 
tue  growth  of  trees,  brusU,  weeds,  and  grasses  was  rank;  and  this 
vegetation  retarding,  as  it  did,  the  widely  extended  sheete  of  flood 
water  that  went  from  the  river  over  its  broad  flat  banks,  became  a 
haxn&  to  any  sudden  change  of  the  river's  alignment  and  gave 
assurance  that  if  left  undisturbed  the  river  would  have  long  remained 
on  its  origuial  course  to  the  Gulf. 

That  this  condition  no  longer  obtauis  is  quite  fully  set  forth  else- 
where in  this  report.  To  a  large  extent  the  natural  obstacles  to  a 
free  overbank  flow  of  water  westerly  and  northerly  into  the  Lnperial 
VaDey  have  disappeared  and  artificial  barriers  are  now  required  to 
hold  the  flood  flow  of  the  river  in  check. 

The  Colorado  River  must,  at  an  early  day,  be  put  on  a  direct  course 
to  the  Gulf  of  California.  The  burden  of  maintaining  barriers  agamst 
the  waters  from  the  Volcano  Lake  region  is  increasing  from  year  to 
year  and  the  cost  thereof  should  not  fall  upon  the  Imperial  Irrigation 
District  alone.  Other  interests  are  protected  as  well  in  Mexico  as  in 
the  United  States.  The  control  of  the  lower  Colorado  will  remain  an 
international  problem  as  long  as  the  delta  of  the  river  is  divided 
between  the  United  States  and  Mexico. 

Furthermore,  the  menace  from  the  floods  of  the  Colorado  is  sudi  a 
serious  menace  to  so  large  an  area  in  the  United  States  and  to  so 
many  people  and  to  so  much  property  that  the  protection  should 
not  have  to  be  done  as  at  present  by  a  local  district  through  a  foreign 
agoicy. 

The  Imperial  Irrigation  District  is  the  successor  to  the  California 
Development  Co.  The  district  is  a  public  or  quasi  municipal  corpora- 
tion organized  under  the  laws  of  California,  and  has  bought  the  canal 
properties  formerly  owned  by  the  California  Development  Co.,  indud- 

NoTB.— For  a  full  accoiint  of  the  river's  change  of  course  in  1905  and  the  successful 
operations  which  resulted  in  the  river's  being  returned  to  its  original  channel,  see  the 
paper  by  H.  T.  Cory,  the  engineer  in  charge  of  this  work  as  published  in  the  Trans- 
actions of  the  American  Society  of  Civil  Engineers,  Volume  LXXVI,  pages  1201  to 
1571.  See  also  a  paper  by  C.  E.  Grunsky  in  Volume  LIX,  page  1,  of  the  Transactions, 
and  tJie  report  by  C.  E.  Grunsky  to  the  Secretary  of  the  Interior  published  as  Senate 
Ooomeot  No.  103  oltbe  Six(y-fif  th  Coogreaa,  fiiBt  sesBion. 
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ing  all  the  shares  of  stock  in  a  Mexican  company,  which  is  the  agency 
through  which  the  district  conducts  all  necessary  operations  in 
Mexico. 

The  area  of  the  district  is  about  586,000  aa*es.  Inigation  has 
abeady  been  extended  within  the  district  to  392,000  acres  (this  was 

the  area  served  with  water  in  1918).  No  cultivation  is  possible 
without  irrigation.  The  mean  annual  rainfall  in  Imperial  Valley  is 
less  than  3  inches.  Some  idea  of  the  extent  of  development  in  the 
Imperial  Valley  will  be  obti^able  from  the  following  facts  and  %ures: 
Within  the  district  are  the  towns  of  Galexieo  (4,500  mhabitants) ;  El 
Centro  (7,500  inhabitants?) ;  Imperial  (2,500  inhabitants);  Holtville 
(2,500  inhabitants) ;  Brawley  (4,800  inhabitants) :  besides  other  towns 
and  places  such  as  Calipatria,  Niland,  Seeley,  Heber,  and  Dixieland. 
The  total  population  of  the  California  portion  of  Imperial  Vidley  is 
estimated  at  55,000.  This  does  not  include  the  population  of  Coa- 
chella  Valley.  The  Southern  Pacific  Railroad  enters  the  Coachella 
Valley  at  the  north  and,  dipping  down  into  the  Salton  Basin  to  near 
the  present  level  of  the  Salton  Sea,  leaves  the  basin  to  the  south- 
eastwaard  of  Niland,  from  which  place  it  sends  a  branch  line  mto  the 
heart  of  Imperial  Valley,  The  Inter-California  Kaihroad  takes  a 
course  southerly  from  Calexico  into  Lower  California  and,  swinging 
thence  to  the  eastward,  northeastward,  and  northward,  reenters  Cali- 
fornia at  Andrade  on  the  west  bank  of  Colorado  River.  The  San 
Diego  &  Arizona  Railroad,  from  San  Diego  across  the  mountains  into 
the  Imperial  Vidley  at  El  Centro,  is  nearing  com])letion.  The  amiual 
vdiue  of  farm  products  of  the  Imperial  VaUey  alone  readied 
$15,000,000  in  1916  and  over  $30,000,000  in  1918. 

Sontli  of  the  boundary,  in  Lower  California,  the  lands  of  the  irri- 
gated region  are  owTied  in  laxge  tracts.  There  has  been  little  or  no 
colomzation*  Cultivation  is  mahdy  by  renters.  The  principal  prod- 
ucts are  cotton  and  cattle.  Alfalfa  is  grown  to  a  ^nsiderable  extent. 
The  improved  area  is  part  of  the  region  to  the  west  and  northward  of 
the  present  channel  of  Colorado  River  extending  to  the  high  ground 
at  the  eastern  base  of  the  Cocopah  Mountains.  In  this  portion  of 
the  delta  idone  there  are  upward  of  200,000  acres  which  fsan  be 
watered  from  the  Imperial  Canal  system,  and  there  have  already 
been  brought  imder  cultivation  more  than  100,000  acres  (in  1918). 
The  irrigated  area  in  lower  California  was  probably  less  than  10,000 
acres  in  1909.  It  was  about  76,000  acres  in  1917.  It  is  rapidly 
mereasing. 

^  At  the  present  extent  of  irrigation  the  entire  flow  of  lower  Colorado 
River  is  at  times  required  by  the  irrigator  and  diverted.  Thus,  for 
example,  in  the  fall  of  1915  and  for  a  period  of  about  10  days  in 
September,  1918,  the  oidy  water  in  the  Colorado  River  below  the 
Impeiial  Canal  headii^  was  the  leakage  through  ike  brush  or  lock 
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divertmg  weirs.   It  is  evident,  therefore,  that  as  irrigation  is  further 

extended  in  the  basin  of  this  river,  the  natural  flow  of  the  stream 
will  not  at  all  times  be  sufficient  to  meet  the  req^uirements  of  the 
migatois. 

THE  NAmtGABILITV  OT  0C»X»ADO  BEim 

Until  the  Colorado  River  made  its  change  of  alignment  in  1909 
the  navigation  of  the  river  by  very  hght-draft  boats  was  possible 
from  tixe  gulf  to  and  beyond  Yuma.   The  river  had,  however,  lost 
importance  as  a  navigable  waterway  when  the  railroads  were  built 
which  cross  the  stream  at  Yuma  and  at  Needles.   Navigation  at  its 
best  was  carried  on  under  difficulties.    The  river  flows  in  a  broad 
bed  with  a  bottom  of  fine  sand.    The  width  of  the  stream  between 
banks  in  straight  reaches  is  generally  600  to  900  feet.    In  bends  and 
where  there  is  niaeh  bank  cutting  the  width  is  occasionally  half  a 
mile  or  more.   At  low  water  there  was  scant  depth  and  at  high  water 
the  swift  current  and  large  amount  of  drift  added  to  the  diflicolties 
of  navigation.    Ati  present  the  ascent  of  the  river  by  boat  from  the 
Gulf  of  California  is  understood  to  be  not  practical  at  any  stage  of 
the  river,  owing  to  the  fact  that  there  is  no  continuoiis  main  channel 
through  the  .Volcano  Lake  region,  where  the  river  s^a^eads  its  water 
over  a  broad  area.    Under  the  treaty  of  Guadalupe-ffidalgo,  betwew 
the  United  States  and  Mexico  (1848),  it  was  agreed  that  neither 
country  would  permit  any  works  to  be  constructed  on  that  part  of 
tiiie  river  which  is  the  common  boundary  of  the  two  countries  which 
would  mterf ere  with  the  navigability  of  the  river.   The  later  treaty 
of  1853  canceled  this  provision,  but  guaranteed  to  the  United  States 
the  free  and  uninterrupted  passage  of  vessels  and  citizens  over  the 
same  stretch  of  river.    The  construction  of  the  Laguna  Dam,  author- 
ized by  an  act  of  Ck>ngre6s  in  1904  which  gave  the  Secretary  of  the 
interior  the  right  to  divert  water  from  tibe  river  for  the  Yuma  project^ 
has  interposed  a  barrier  to  navigation  about  12  miles  above  Yliraa 
and  may  be  accepted  as  an  indication  that  the  United  States  regards 
the  navigabihty  of  the  Colorado  River  as  of  no  importance.  The 
utilization  of  the  river's  waters  for  irrigation  far  outweighs  any 
possible  utilization  thereof  for  navigation.   The  most  recent  exami- 
nation of  the  Colorado  River,  with  a  view  to  developing  and  improv- 
ing navigation  was  made  by  Maj.  R.  R.  Raymond,  of  the  Corps  of 
Engineers,  United  States  Army.    His  report  bears  date  of  May  21, 
1914,  and  has  been  published  as  House  Document  No.  1141  of  the 
®xty-third  Congress,  second  session.   Maj.  Raymond,  in  tins  report, 
aft^r  referring  to  the  fact  that  the  navigability  of  the  Colorado  River 
has  been  the  subject  of  preliminary  examination  several  times, 
states  that  with  the  information  contained  in  the  reports  which  he 
enumerates  and  that  found  in  othi»r  recorda  it  was  not  necessary  to 
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make  an  extensive  reoonnaissaxice  of  the  river.   He  visited  the 

river,  however,  and  says: 

Below  Yuma  the  river  flows  throi^  a  delta  country  which  is  constantly  being 
built  up  by  the  large  quantity  of  silt  carried  by  the  river.  The  channel  is  unstable 
mA  can  not  be  made  stable  at  reasonable  cost.  At  present  the  principal  channel 
in  Mexico  passes  through  Volcano  Lake.  In  addition  to  the  fact  that  this  part  of 
the  river  lies  in  a  foreign  country,  it  should  be  noted  that  tlvere  is  so  little  water  avail* 
able  in  the  river  below  the  heading  of  the  Imperial  Canal  during  low  stages  that  navi- 
gation throughout  the  year  is  impiacticable.  The  amount  of  water  extracted  from 
the  river  for  irrigaftum  will  increase  latber  than  deerioaac^ 

After  referring  to  the  fact  that  the  growth  of  commerce  along  the 
river  would  imply  an  increase  of  the  demajad  for  irrigation  water, 
Maj.  Raymond  concludes  that — 

the  improvement  of  the  Colorado  River  for  navigation  would  defeat  it&  own  ends  and 
would  be  a  detriment  to  the  adjacent  country,  except  poaaibly  that  flood  control 

would  be  beneficiiaU 

He  finds  the  situation  such  that  he  does  not  even  recommend  a 
survey  of  thjs  river,  and  says: 

Attention  is  invited  to  the  conclusion  reached  by  officers  who  have  examined  this 
river  heretofore,  which  agree  \vith  my  own.  The  development  of  the  country  by 
irrigation  in  recent  years  makes  the  improvement  even  less  desirable  to-day  than  it 
waa  formerly* 

OPERATIONS  IN  MEXICO. 

The  Imperial  Irrigation  District,  by  ownership  of  corporation 
stock,  controls  the  Mexican  corporation  now  known  as  the  Compania 
de  Terranos  y  Aguas  de  la  Baja  California  (S.  A,),  and  through  the 
agency  ol  this  company  maintains  and  operates  the  sections  of  the 
canals  in  Lower  California  which  bring  Colorado  River  water  into  the 
district.  The  anomalous  situation  is  thus  presented  of  an  irrigation 
district  organized  under  the  laws  of  California,  being  dependent  upon 
a  Mexican  corporation  operating  canals  in  foreign  territory  under 
foreign  laws  for  its  irrigation  water,  and  in  large  part,  too,  for  its 
domestic  water.  Not  only  this,  but  the  district  must  make  use  of  the 
Mexican  corporation  for  protection  against  the  disaster  that  would 
result  if  the  Colorado  River  were  allowed  to  send  its  flood  northward 
into  Salton  Baam  instead  of  southward  into  the  Gulf  of  California. 

Through  the  agency  of  the  Mexican  corporation  the  district  is  and 
has  been  expending  large  sums  on  such  protective  work.  A  bond 
issue  of  $2,500,000  in  1917  included  $500,000  for  work  on  levees 
and  the  like  in  Mexico;  this  has  been  expended,  as  has  also  $500,000 
of  an  earlier  distract  bond  issue.  Over  $700,000  for  additions  to 
the  protective  works  in  Mexico  are  to  be  included  in  a  new  bond 
issue  already  recommended  by  the  engineer  of  the  district.  Messrs. 
Elwood  Mead,  D.  C.  Henny,  and  Joseph  Jacobs,  in  a  report  dated 
Mardi  5,  1917,  and  addressed  to  the  Secretary  of  the  Interior  and 
tiie  prudent  of  ^e  Univ^ity  of  ddifomia,  present  an  exhibit 
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allowing  that  about  $4,925,000,  of  miiich  $1,000,000  was  made 
available  by  congressional  appropriation,  had  heea  expended  on 

protection  work  in  Mexico.  This  sum  includes  $2,300,000,  the 
approximated  cost  of  tiuning  the  river  in  1906  and  1907  from  its 
erratic  course  inland  back  into  the  original  channel  to  the  Gulf  of 
California.  It  does  not  include  the  WOTk  being  done  with  funds 
beii^  provided  by  the  bond  issue  of  1917.  The  irrigation  district 
can  not,  when  protection  works  are  involved,  wait  for  international 
action  looking  to  a  control  of  the  Colorado  River  on  a  proper  com^e 
to  the  Gulf  of  California.  Being  the  only  organization  so  circum- 
stanced tiiat  it  can  construct  levees  and  ptiierwise  afford  ^otection 
to  the  lands  of  Imperial  Valley,  both  in  tiie  United  States  and  in 
Mexico,  it  finds  itself  compelled  to  act  and  to  build  whatever  works 
are  found  to  be  necessary,  though  without  any  legal  way  of  recovering 
fi-ny  part  of  the  outiay  for  flood  control  thus  occasioned  from  other 
parties  who  are  benefited.  The  owners  of  Mexican  lands  which  aro 
protected,  200,000  to  250,000  acres,  on  the  Imperial  Valley  slope  of 
the  delta  cone,  of  which  more  than  100,000  acres  are  irrigated  with 
water  from  main  canals  constructed  by  the  Imperial  Irrigation 
District  and  its  predecessors,  contribute  nothing  to  the  cost  of  the 
protection  works,  except  possibly  some  rights  oi  way*  The  Ooadidla 
Valley  and  other  interests  accept  protection  afforded  by  the  works 
of  the  Imperial  Irrigation  District  as  a  matter  of  course. 

The  Imperial  Irrigation  District,  as  above  explained,  is  by  force 
of  circumstonces  compelled  to  direct  large  operaticnm  rdating  to  the 
construction  and  maintenance  (rf  canals  and  levees  and  oHhet  pro- 
tection works  in  Mexico.  This  must  be  done  in  compliance  with 
Mexican  laws.  An  independent  organization,  with  an  independent 
board  of  directors,  is  required,  and  this  organization  is  expected  to 
carry  out  the  requests  oi  tiie  district.  The  freest  possible  intercourse 
across  the  boundary  is  desirable,  but  can  not  be  or  at  least  has  not 
thus  far  been  obtained.  There  should  be  but  one  centralized  man- 
agement. The  district  has  endeavored  to  obviate  inconvenience  as 
much  as  possible  by  having  the  same  persons  on  both  boards  of 
directors.  But  at  its  best  tiie  arfangement  is  cumbersome,  incon- 
venient, and  inefficient,  and  results  in  much  waste  of  energy  and 
money.  This  is  entirely  apart  from  the  other  more  serious  inter- 
ference with  the  progress  of  the  work,  due  to  delays  and  added 
costs  Which  result  from  the  restoictions  imposed  on  passing  mm, 
machinery,  and  materials  across  the  boundary  line.  Duty  must  be 
paid.  The  regulations  of  customs  officials  must  be  complied  with. 
Approval  of  plans  is  required,  not  alone  by  the  laws  of  California, 
but  this  has  to  be  followed  by  authorization  on  the  Mexican  side. 
The  possibility  of  a  conflict  of  the  two  authorities  is  always  present. 
All  this  is  cited  to  show  tiie  lu-gency  of  early  relief  from  a  itituation 
which  is  fast  becoming  intolerable. 
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SOME  CHANim  CHARACTERISTICS  AND  THE  SEVER  DISCHARGE. 

That  the  rhro*  reqiiifed  but  slight  assistance  to  make  such  changes 
as  those  of  recent  yeais  will  be  understood  when  it  m  recalled  that 

the  general  fall  of  the  ground  from  Pilot  Knob  southerly  to  the  Gulf 
of  California  is  only  about  1^  feet  per  mile,  which  the  river  in  its 
meanderings  had  cut  down  to  an  effective  fall  of  about  1  foot  per 
mile.  Toward  Volcano  Lake  in  a  southwesterly  direction  from  the 
same  point  the  surface  gradient  is  about  2  feet  or  more  per  mile, 
and  westward  in  the  general  direction  in  which  the  Alamo  flows  it  is 
nearly  3  feet  per  mile  to  the  vicinity  of  Calexico,  and  thence  north- 
ward into  Sal  ton  Basin  the  country  falls  away  4  to  5  feet  per  mile. 
These  gradients  which  apply  to  groimd  surface  and  do  not  represent 
the  fall  of  the  water  surface  followii^  the  meanderings  of  the  riyer, 
will  explain  why  the  river  can  so  readily  establkh  a  new  channel 
when  once  an  adequate  cut  or  brea<^  has  been  made  in  its  west  or 
north  bank. 

While  the  river  was  on  a  course  to  the  Salton  Sea,  1905  to  1907,  and 
again  since  1909  on  its  course  to  Volcano  Lake,  the  energy  represented 
by  the  water  flowing  on  the  heavy  gradients  on  these  lines  caused 
the  water  to  cut  deep  into  the  ground.  This  ph^om^on  was  accom- 
plished by  a  recession  of  grade  upstream,  so  that  at  the  present  time 
the  bottom  of  the  river  bed  from  Hanlon  downstream  is  lower  than 
it  had  been  while  the  river  was  on  its  original  course  to  the  gulf.  While 
it  is  not  possible  to  present  conclusions  in  predse  figures  as  to  the 
amount  of  this  depression  of  the  river  channel,  it  can  be  stated  in 
general  terms  that  as  far  upstream  as  Pilot  Knob,  near  the  heading  of 
the  Imperial  Canal,  it  amoimts  to  4  or  5  feet.  Tlie  resulting  lower 
elevations  of  the  river's  low  waters  make  it  more  difficult  to  divert 
water  into  the  Imperial  Canal;  but  the  carrying  capacity  of  the  rivei? 
has  been  somewhat  increased  by  the  depression  of  the  river  bed.  The 
river  temporarily  can  carry  more  water  in  its  channel  without  over- 
topping its  banks  than  it  coidd  carry  preceding  1909  while  flowing  on 
a  ^ect  course  to  the  gulf.  The  flood  menace  in  the  upper  delta 
reaches  of  the  rivOT  is  therefore  less  than  it  would  be  if  the  river  had 
not  changed  its  course,  but  evidence  is  reported  that  the  river  is  now 
beginning  to  raise  its  bed  again. 

The  chamiel  of  the  lower  Colorado  River  in  its  straight  reaches  has 
a  width  of  600  to  900  feet.  In  its  bends  it  may  spread  out  to  half  a 
mile  or  more.  Its  bottom  is  a  fine  sand,  which  under  a  steady  flow  of 
water  is  packed  hard  and  firm  but  which  yields  readily  to  the  i^ock 
of  waves  and  swirls. 

At  its  low  stages,  as  already  stated,  the  river  has  a  discharge  of 
3,000  to  5,000  second-'feet.  When  in  flood  its  discharge  may  rise  to 
more  than  200,000  second-feet. 
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The  foUowing  tabular  data  will  give  some  idea  of  the  amount  of 
water  which  is  carried  by  Colorado  River  past  Tuma  and  the  amount 
supplied  by  the  river's  principal  tributaries: 


Table  I— The  discharge  of  Colorado  River. 
[Fxoia  records  of  the  Uiiited  States  Geological  Survey.] 


• 

Green  River 

at 

Qreen  River, 

Utah. 

Grand.  River 
at  Moab 

or  Cisco, 
Utah. 

San  Tuan 
River  near 
Blnlf ,  Utah. 

Coloradn 
River  at 
Ymna,  Aiis. 

4,  440,  000 
4, 160, 000 
5, 980, 000 

1895-96  

1896-97  

>  7, 110, 000 
11, 100,  000 
9, 870, 000 
18, 900, 000 
10,200,000 
26, 000, 000 
13, 600, 000 
26, 100,  000 
15, 000, 000 
16, 200, 000 
19, 600, 000 
12,  000,  000 
19,  900,  000 
15,  800, 000 
21, 300, 000 
22, 100, 000 
13,000,000 

1905-6  

6, 360, 000 
8, 950,000 
4, 290, 000 
8,  580, 000 
4,  710,  000 
4, 160, 000 
6, 160,000 
5, 370, 000 
7, 080, 000 
3, 620, 000 
5, 740, 000 
8, 070, 000 

190a-7  

1909-10  

1910-11  

1914-15  

5,  350,  000 
7,600,000 
8,780,000 

2  2,  700,000 
3, 240, 000 
3,340,000 

1915-16  

1916-17  

>  9  mflUCbi  «al7f  Jmuucy  to  Scptfloiber,  iaobiBive.       *  H  montbs  (October,  1914,  is  missing}. 


THE  IMPERIAL  VALLEY  AND  ITS  DEVELOPMENT  UNDER  IRRIGATION. 

That  in  comparatively  recent  geologic  times  the  Gulf  of  Califorziia 
exteuiled  far  to  the  northwest  hej^ond  its  present  limits  is  a  well- 
known  fact.  Its  upper  end  was  to  the  northward  of  Indio.  The 
detrital  matter  washed  down  from  the  mountains  gradually  pushed 
the  water  hack  fr^  their  bases,  and  that  which  wfis  brought  from 
far  inland  by  the  Colorado  Kiver  built  a  low  flat  delta  ridge  OTLtirely 
across  the  ancient  gulf,  cutting  off  its  upper  portion  from  a  connection 
with  the  ocean.  It  dried  up,  and  the  bed  which  it  occupied  is  now 
generally  referred  to  as  the  Salton  Basin.  The  greater  area  around 
and  including  this  basin,  which  lies  betwe^  the  Coast  Range  Moun- 
tains on  the  west  and  the  Colorado  River  range  on  the  east,  is  known 
in  its  northern  part  as  the  Coacbelia  Valley  and  in  its  southern  part 
as  the  Imperial  Valley.  Both  the  Salton  Basin  and  the  Imperial 
Valley  overlap  the  international  boundaiy,  their  southernmost  por- 
tioii^  being  in  Mexico. 

In  its  natural  condition  this  ^tire  r^on  was  an  unproductive  arid 
rigion.  The  annual  rainfall  here  averaged  only  2  or  3  inches.  Tliere 
149799—20  2 
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is  very  rarely  enough  run-off  to  reftch  the  bottom  of  the  great  depres- 
sion. This  was  dry  except  for  the  periodical  inflow  of  flood  waters 
from  the  Colorado  River,  as  in  1840,  18$2,  1859,  1862,  1891,  and  m 
doubt  in  otlier  years. 

The  occasional  inflow  from  Ck>lorado  Biver  was  more  or  less  con- 
centrated in  depressions  and  channels,  which  the  most  prominent 
within  California  was  New  River,  whoso  h  ad  was  in  the  Volcano  Lake 
region,  some  20  or  25  miles  south  of  the  international  boundary  Une. 
V'Mudi  of  what  is  now  called  Imperial  Valley  was  at  one  time  geneFally 
Imown  as  the  New  l^ver  country. 

The  delta  ridge  already  referred  to  was  built  up  by  the  river  to  a 
height  of  about  36  to  37  feet  above  sea  level  at  Volcano  Lake  and  at 
this  height  was  an  effective  barrier  between  the  Salton  Basin  and  the 
Gulf  of  Califomia.  Colorado  River,  in  the  process  of  building  up  this 
barrier,  would  for  some  centimes  dischai^  inland  into  the  basin  and 
then  again  for  other  centuries  southward  into  the  gull.  During  the 
long  maintenance  of  an  interior  lake  at  the  outflow  elevation  of  about 
36  feet  above  sea  level  a  beach  was  formed  which,  although  no  water 
has  been  stan^bog  at  it  for  m;ore  than  400  years,  is  distinctly  traceable- 
The  bed  of  Salton  Basin  was  naimrally  smooth  surfaced  md  dipped 
gradually  to  a  lowest  central  point  some  280  or  more  feet  below 
sea  level. 

At  the  present  time  about  300  square  miles  of  the  bed  of  the  basin 
are  covered  with  water,  the  remnant  of  the  flood  accumulation  in 
1905  and  1906  when  the  entire  river  for  a  time  dischaarged  inland. 
This  topographic  situation  on  the  lower  Colorado  has  long  hem  under- 
stood. At  an  early  day  in  the  history  of  California  it  gave  rise  to  a 
scheme  for  the  irrigation  of  a  large  area  in  what  is  now  known  as 
Imperial  Vidley,  Dr*  O*  M.  Wozencraft,  as  principal  p-omoter,  with 
Ebenezer  Hadley,  the  county  srarveyor  of  Sim  Diego  county,  as  hia 
engineer,  worked  out  a  project  some  60  years  ago  for  the  colonization 
and  development  of  lands  in  California  under  irrigation  with  Colorado 
River  water.  Their  proposition  involved  a  diversion  of  water  from 
the  river  toward  the  west  into  the  r^on  drained  by  the  Alamo  Ri  ver^ 
which  would  then  carry  it^  substantially  as  under  the  later  scheme,  to 
the  points  in  CaUfornia  from  which  it  could  be  distributed  by  a  canal 
system. 

This  project  involved  a  grant  of  Government  land  to  California 
amounting  to  about  3,000,000  acres.  It  was  approved  by  the  ]>gis* 
lature  of  California,  but  the  necessary  bill  failed  to  pass  Congress. 
Subsequently  an  examination  was  made  under  Government  direc- 
tion to  determine  whether  or  not  it  would  be  feasible  to  reach  the  Im- 
perial Vidley  without  following  a  route  through  Mexico.  This  exam- 
ination was  made  in  1876  by  lieut.  lUc  Bargland,  Corps  of  £n^- 
neers,  United  States  Army,  who  acted  undmr  the  direction  of  JJmt. 
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Geo.  M.  Wheeler.  He  reported  unfaYorably  upon  a  canal  location 
entirely  in  the  United  States,  but  again  called  attenticm  to  the  natural 

route  across  Mexican  territory. 

Despite  this  report,  which  was  discouraging  to  those  w^ho  desired 
to  have  water  supphed  to  the  desert  in  a  canal  located  throughout  its 
entire  length  on  United  States  territory,  the  efforts  to  get  water  into 
the  Imperial  Valley  did  not  cease.  jBnt  no  proposition  gave  promise 
of  success  until  Mr.  C.  R,  Rockwood  and  his  associates  organized  the 
Colorado  River  Irrigation  Co.  in  1892.  Sm-veys  were  made  and  works 
were  planned  to  deliver  water  from  Colorado  River  in  California  across 
the  boundary  into  a  short  canal  hi  Mexico,  which  would  dischai^  into 
the  Alamo  River,  down  which  it  would  then  flow  to  a  reentry  into 
California.  This  company,  failed  however,  and  was  succeeded  in 
1896  by  the  California  Development  Co.  At  the  head  of  this  com- 
pany, except  for  two  years  1900-1902,  was  the  late  Mr.  A.  H.  Heber. 
Mr.  Rockwood  remained  in  charge  of  engineering  and  construction. 
A  reorganization  of  the  company  in  1905  put  the  control  of  its  affairs 
into  the  hands  of  the  Southern  Pacific  Co.  From  1910  until  1916  the 
property  of  the  canal  company  was  in  the  hands  of  a  receiver.  In 
1914  the  Imperial  Irrigation  District  was  organized  and  two  years 
later  took  over  the  canal  properties,  which  included  all  the  shares  of 
stock  of  the  Mexican  corporation  through  wliich  the  properties  in 
Mexico  are  managed. 

Notice  of  intention  to  divert  water  for  the  irrigation  of  lands  in  the 
Imperial  Valley  was  given  repeatedly  from  May  16, 18Q5,  to  Apni  25, 
1899.  The  various  notices  all  specified  10,000  second-feet  as  the 
amount  to  be  diverted,  and  the  places  of  posting  the  notices  were  at 
3,000  feet  to  U  miles  north  of  the  international  boimdary  hne. 

The  canal  of  the  Califomia  Development  Co.,  as  originally  con- 
structed, had  its  head  in  California  at  Hanlon's  or  Hanlon's  c]t>ssing, 
about  100  yards  north  of  the  international  boimdary.  The  canal  was 
cut  from  the  river  at  an  oblique  angle,  and  its  flow  was  controlled  by 
a  timber  structure.  On  a  falling  river,  the  head  of  the  canal  and  the 
headgate  were  obstructed  by  silt  deposits,  and  it  became-4ifficult  to 
keep  the  water  flowing  from,  the  river  into  the  canaLMThe  water 
shortages  due  to  this  cause  in  1903  and  1904  and  the  failure  of  various 
remedial  measures  prompted  the  apphcation  to  Mexico  for  a  conces- 
sion under  which  a  diversion  would  be  allowed  on  Mexican  territory. 
This  ecmoesBion  was  granted  in  1904,  and  operating  thereunder,  the 
dredger  cut  was  made  about  4  miles  below  the  boundary  line  in  Mexico 
w^hich  caused  the  river,  a  ^qslt  later,  to  turn  for  a  time  inland  away 
from  its  course  to  the  gulLJ  It  is  not  proposed  to  describe  the  Im- 
perial Canal  system  in  detail,  but  these  main  facts  are  here  alluded  to 
for  a  full  understanding  of  the  psohlmm  of  the  lower  Colorado.  The 
clause  in  the  Mexican  concession  relating  to  the  use  of  Impwial 
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Canal  water  in  itedeo  and  ihe  one  immediately  pfeeediog  it  are  as 

follows: 

The  Sociedad  de  Riego  y  Terrenos  de  la  Baja  California.  S.  A.,  is  authorized  to  carry 
through  the  canal  which  it  haa  built  in  Mexican  territory,  and  through  other  canals  that 
it  may  build,  if  convenient,  water  to  an  amount  of  284  cubic  meters  per  second  from  the 
waters  taken  from  the  Colorado  River  in  territory  of  the  United  States  by  the  California 
Devatopment  Co.  and  which  waters  this  company  has  ceded  to  the  Sociedad  de  Riego  y 
Terrenos  de  la  Baja  California,  S.  A.  It  is  also  authorized  to  carry  to  the  lands  of  the 
United  States  the  water  with  the  exception  of  that  mentioned  in  the  following  article. 

From  the  water  mentioned  in  the  foregoing  article,  enough  shall  be  used  to  irrigate 
the  lands  sosc^tible  of  irrigation  in  Lower  California  with  the  water  carried  through 
the  canal  or  canals,  without  in  any  case  the  amount  of  wsA&c  Msed,  exceeding  one-hdf 
of  the  volume  ot  water  paaaiiig  through  said  canals. 

The  concrete  headgate  of  the  Imperial  Canal  at  Hanlon,  which  was 
constructed  in  1906,  has  a  sill  at  elevation  100.7  feet  above  mean  sea 
level  (United  States  Geological  Survey  datum).  This  was  at  that 
time  believed  to  be  low  enough  to  accomplish  diversion  of  the  desired 
amoimt  of  water  at  any  stage  of  the  river.  vThe  large  amount  of  sand 
which  has  annually  been  carried  into  &e  canal  and  the  depression  of 
the  water  surface  in  the  river  below  the  assumed  minimuin  elevation 
have  combined  to  make  the  diversion  of  an  adequate  quantity  of 
water  at  the  river's  low  stages  impossible.  This  is  true  despite  the 
fact  that  a  few  years  ago,  a  25-foot  section  of  the  headgate  sill  was 
lowest  5  feet.  Imperial  Irrigation  District  has,  therefore,  found  it 
necessary  to  construct  temporary  weirs  across  the  river  of  rock  and 
brush.    Such  a  weir  was  constructed  in  1910  and  annually  since  1915. 

There  is  some  water  obtained  for  the  irrigation  of  lands  in  the  Impe- 
rial Irrigation  District  and  in  Mexico  from  Volcano  Lake  through  the 
Cerro  Prieto  Canal.  This  is  only  a  temporary  expedient.  The  con- 
nection of  the  CSerro  Prieto  Canal  with  Volcano  Lake  was  made  in 
1916.  Water  has  thus  been  made  obtainable  from  the  Volcano  Lake 
region  while  the  river  is  high.  As  this  water  is  drawn  from  an  exten- 
sive ponded  area  it  is  comparatively  clear  and  its  use  has  materially 
reduced  tiie  difficulty  with  silt  in  the  west^side  canal  system.  The 
maximum.amount  of  water  obtained  from  this  source  has  exceeded 
800  second-feet.  This  source  of  supply  will  be  available  only  so  long 
as  the  river  is  allowed  to  send  its  flood  waters  agcdnst  the  Volcano 
Lake  Levee.  The  time  will  come  when  the  river  is  put  back  upon  a 
direct  course  to  the  gulf,  and  thereupon  this  source  of  supply  will  no 
longer  be  available. 

The  area  of  the  land  brought  under  irrigation  from  the  Imperial 
Canal  system  both  in  California  and  in  Mexico,  as  already  stated,  has 
been  growing  rapidly.  No  cultivation  is  possible  in  this  region  with- 
out tiie  artifi<^al  application  of  water  to  the  soil;  and  as  the  only  source 
of  water  has  been  ^  oanid  system  of  the  Imperial  Irrigation  District, 
tibis  development  and  general  prosperity  is  to  be  aseribed  to  the  su6*» 
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cessful  operation  of  the  Imperial  Canal.  The  extension  of  irrigation 
in  our  own  as  well  as  in  foreign  territory  by  a  imified  single  canal 
system  has  been  accomplished  without  international  treaty,  by  the 
unique  method  operation  in  Mexico  through  the  agency  of  a 
Mexican  corporation  whose  stock  is  owned  imd  whose  affairs  were 
directed  by  the  predecessors  of  the  Imperial  Irrigation  District  and 
are  now  being  directed  by  this  district. 

THE  YUMA  PROJECT. 

The  Yuma  project  is  a  United  States  Reclamation  project  located 
in  Arizona  and  Calif  cmua  on  both  sides  of  Colorado  River*  The  con- 
struction of  project  works  was  recommended  by  a  board  of  engineers 
on  April  8,  1904,  and  construction  was  authorized  by  the  Secretaiy  of 
the  Interior  on  May  10,  1904. 

The  Laguna  Dam  at  the  head  of  the  project  canal  on  Colorado  River, 
about  10  miles  nortiieast  of  Yuma,  was  completed  in  Mardi,  1909. 
Its  cost,  including  some  river  bank  revetment  and  the  diverting  works, 
has  been  about  $2,100,000.  Some  water  was  used  on  the  project 
lands  prior  to  the  completion  of  the  Laguna  Dam  through  ditches 
which  had  been  acquired  from  private  owners.  The  main  canal  of 
the  project  is  located  (m  the  California  aide  of  Colorado  River  from 
the  Laguna  Dam  down  to  a  point  oppc^te  Yuma/  and  its  water  is 
taken  thence  to  the  Yuma  Valley,  on  the  Arizona  side,  through  a  large 
inverted  siphon  imder  the  Colorado  River  at  Yuma.  The  project 
plan  provides  for  large  pumping  plants  below  Yuma  on  the  east  main 
canal  for  rising  water  to  irrigate  about  50,000  acres  of  mesa  land. 

Its  proposed  extent  is  about  120,000  acres,  but  there  may  be  future 
additions.  In  the  Yuma  Indian  Reservation  on  the  Caltfoniia  dide 
of  the  river  there  are  about  15,000  acres  of  irrigable  land;  in  the  Yuma 
Valley  about  55,000  acres;  and  on  the  Yuma  mesa  about  50,000  acres. 

The  lands  of  the  project  adjacent  to  Colorado  River  are  protected 
against  overflow  by  heavy  rock-faced  levees  and  ample  heavy  equip- 
ment; also  two  quarries  and  a  railroad  on  the  entire  l^ogth  of  the 
levees  are  maintained  in  order  to  afford  means  for  protection  during 
flood  stages  of  the  river.  A  drdnage  system  is  required  and  is  now 
under  construction. 

The  population  in  the  project  area, including  Yuma,is  aboutl2,000. 
The  value  of  the  crop  output  in  1917  from  about  35,000  acres  under 
cultivation  was  about  $3,750,000.  In*  1918  the  cultivated  area  was 
about  45,000  acres,  and  the  value  of  the  crops  from  this  area  exceeded 
$5,000,000. 

COLORADO  mVER  AS  INTERNATIONAL  BOUNDARY. 

Had  the  character  of  the  lower  Colorado  River  been  better  known  it 
would  never  have  been  made  a  part  of  the  boundary  line  between  the 
United  States  and  Mexico.   The  river  is  not,  as  is  now  well  known,  in 
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a  stable  location.  Throughout  some  20  miles  of  the  river's  course 
whi»e  it  forms  the  boundary  md  now  for  some  40  miles  or  more  farther 
downstream,  where  ike  river  is  entirely  on  Mexican  territory,  the 
river,  as  already  stated,  has  been  and  now  is  a  menaee  to  large  areas 
of  lands  and  large  property  interests  in  the  United  States  and  Mexico. 
If  allowed  to  do  what  human  operations  in  Mexico  have  predisposed 
it  to  do,  it  would  discharge  inland  into  the  Salton  Sea  and  it  would  be 
only  a  question  of  time  before  this  sea  would  expand  to  the  full  limit 
of  the  Salton  Basin,  with  a  surface  area  of  some  1,250,000  acres,  ex- 
tending from  above  Indio  in  California  to  about  20  miles  south  of  the 
international  boundary. 

Due  to  the  unfortunate  location  of  the  boundary  line  the  United 
States  has  no  jurisdiction  over  tiie  territorj  in  which  the  flood  menace 
to  Imperial  Valley  lies.  Mexico  seems  impotent  to  cope  with  the 
situation,  or  at  any  rate  appears  to  take  no  note  of  the  urgency  and 
seriousness  of  the  situation  as  we  are  endeavoring  to  sketch  it.  In 
such  circumstances  the  Imperial  Valley,  or  more  particularly  the 
Imperial  Irrigation  District,  rqwresenting  the  largest  organized  in- 
terests in  the  valley,  has  been  constrained  to  construct  and  maintain 
at  large  cost  extensive  protective  works  on  foreign  territory. 

Thie  facts  are  recited  because  the  usefulness  of  an  all-American 
or  any  other  canal  for  the  irrigation  of  lands  in  the  Imperial  Valley 
would  soon  be  in  large  measure  destroyed  if  adequate  protection  is 
not  had  against  the  danger  from  the  south  which  threatens  the  area 
already  under  irrigation.  This  danger,  moreover,  will  continue  to 
grow  so  long  as  the  Colorado  River  is  allowed  to  run  wild  in  the  Vol- 
cano Lake  region.  It  is  evident  that  the  problem  of  irrigation  in  the 
Imperial  Valley  is  interwoven  with  the  other  problem  of  protection 
against  the  river  at  its  high  stages. 

If  the  United  States  and  Mexico  were  cooperating  on  lower  Colo- 
rado River  problems  this  board  would  not  now  find  itself  embar- 
Tassed  by  being  denied  the  <^portunity  to  survey  and  propose  other 
possible  high-line  canal  routes  than  such  as  are  wholly  on  Umted 
States  territory.  To  the  westward  of  Pilot  Knob  the  mesa  slopes  tO 
the  southward  and  southwestward.  It  breaks  off  in  a  comparatively 
steep  slope  a  few  miles  to  the  southward  of  the  international  boun- 
dary. It  is  known  that  a  canal  without  material  sacrifice  in  water- 
surface  elevation  could  be  plafced  on  lower  ground  than  north  of 
boundary  by  swinging  the  canal  line  across  the  boundary.  It  is  not 
known  definitely  what  the  material  advantage  of  such  a  location 
would  be,  thou^  old  surveys  and  a  partial  reconnoissance  indicate 
tbat  a  reduction  in  excavation  to  the  exUail  of  about  10,000,000 
cubic  yards  might  be  expected. 
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WATEK  CONSERVATION  BY  STORAGE. 

Whenever  the  river  drops  to  a  low  stage  early  in  the  season,  as 
was  the  case,  for  example,  in  1915  and  in  1918,  the  demand  of  the 
in^tor  upon  the  lower  river  will  be  in  excess  of  the  water  supply. 
This  situation  will  become  more  pronounced  wben  all  the  land  in 
Imperial  Irrigation  District  and  in  tiie  Yuma  project  susceptible  of 
cultivation  shall  have  been  brought  under  irrigation. 

The  irrigated  lands  and  the  lands  susceptible  of  irrigation  with 
water  from  the  lower  Colorado  River  are  therefore  directly  concerned 
mth  tiie  coQEmrvation  of  the  river's  flow,  and  particularly  with  the 
regulation  thereof  by  storage.  The  construction  of  storage  reser- 
voirs should  go  hand  in  hand  with  the  building  of  any  irrigation  sys- 
tem that  will  add  so  large  a  body  of  arid  land  to  the  irrigable  area  as 
wrould  the  ccmstruction  of  a  full-capacity  all-American  canal. 

Whffli,  therefore,  project  features  are  outlined  for  the  full  utUi- 
2!ation  of  such  a  canal,  or  its  equivalent,  there  should  be  assurance 
that  some  water  will  be  obtainable  for  it  from  storage.  It  is  assumed 
that  within  the  time  that  such  a  canal  could  be  built  the  United 
States  Government  will  have  made  suitable  provision  for  storage 
works  that  wOl  be  of  gaieral  ben^t.  It  may  also  be  assumed  that 
water  from  storage  will  be  supplied  at  a  charge  which  will  faiiiy 
compensate  the  United  States  and  will  return  to  it  the  proper  allot- 
ment of  original  investment  within  a  period  of  40  to  50  years  and 
ihat  there  will  be  no  immediate  demand  upon  the  irrigation  interests 
l)enefited  for  any  part  of  the  first  cost  of  reservoir  constructicm. 
On  these  assumptions  the  new  area  to  be  served  witii  water  from  the 
All-American  canal  will  not  be  burdened  with  the  necessity  of  pro- 
viding funds  to  meet  the  first  cost  of  storage  works,  and  all  compli- 
.cations  that  mi^t  otherwise  result  from  negotiations  with  up-river 
Interests  will  be  avoided. 

Some  idea  of  the  lai^e  storage  poraibilities  on  the  Colorado  River 
And  its  tributaries  is  obtainable  from  the  follo^dng  table,  in  which  the 
most  notable  reservoir  sites  in  the  drainage  basin  of  the  river  (not 
Already  in  use)  are  numerated.  Thk  information  is  <mly  tentative. 
Further  investigations  and  studies  will  be  ees^tial  to  detffltmine 
ieasibility  and  economic  heights  of  dams. 
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Tasle  2, — Some  of  the  important  reservoir  sites  in  the  drainage  basin  of  Colorado  River 
which  are  under  investigation  by  the  United  States  Keekmation  Service^ 


Besignation. 


Juniper  

Browns  Park.., 
Flaming  Grorge. 

Ouray...  

Kreminling. . . . 

Dewey  

Junction  

Bedrock  

Animas  


Kiver. 


Yampa  

Green  

 do  

 do  

Grand  

 do  

Green-Grand 

Dolores  

Animas  


Bluff  ^   San  Juan. 

Sentinel   Gila  

Bangely   White.... 


Depth  of 
storage  at 
dam  (feet). 


{ 


200 
200 
225 
170 
230 
215 
270 
210 
110 
206 
264 
180 
170 


Capacity 
(acre-feet). 


1,  550,  000 

2,  520,000 
3, 500, 000 

10,000,000 
2, 200, 000 
2, 270, 000 
8, 600,000 
800,000 
440,000 
1, 350, 000 
2, 600, 000 
2, 219, 000 
400,000 


THE  SILT  PROBLEM- 

Od  the  subject  of  sUt  carried  by  Colorado  Biver  muctLi»loimatio& 

has  already  been  collected.  The  silt  studies  which  have  been  made 
by  the  United  States  Reclamation  Service  at  Yuma  since  1909  and 
earMer  studies  by  Prof.  R.  H,  Forbes,  of  the  Agricultural  Experiment 
Station  of  Arizona,  have  led  to  the  following  general  conclusions  on 
this  subject: 

The  water  of  Colorado  River  ordinarily  carries  the  least  percentage 
(by  weight)  of  silt  in  suspension  during  the  months  June  to  November, 

The  water  of  Colorado  River  ordinarily  carries  the  highest  per- 
cfflitage  of  silt  in  suspension  from  Jaauaiy  to  March,  and  this  percent- 
age is  about  three  to  four  times  as  great  as  when  the  river  is  at  its 
highest  summer  stage  and  as  in  the  fall  when  the  river  is  at  a  low 
stage. 

The  parcentdge  of  material  in  suspension  in  the  water  of  Colorado 
River  is  ordinarily  at  a  Tiia:rimiim  when  lie  river  has  a  flow  of  about 
30,000  to  40,000  cubic  feet  per  second  and  is  at  a  minimum  at  the 
low  and  at  the  high  stages  of  the  river. 

The  percentage  of  material  in  suspension  increases  with  depth 
below  the  water  surface;  in  other  words,  there  is  more  material  in 
suspension  new  the  bottom  of  the  river  than  near  the  water  surface- 

The  aimual  average  load  carried  in  suspension  is  about  0.86  per 
cent  by  weight,  and  the  range  throughout  the  year  is  from  about  0,20 
per  cent  at  low  water  and  0.30  per  cent  at  high  water  to  an  ordinary 
xnft-^wnim  of  about  1.45  per  cent  and  to  an  occasional  maximum  at 
certain  intermediate  stages  €d  about  4  per  cent. 

There  are  numerous  wide  departures  from  these  general  conditions. 

It  is  estimated  from  these  figures,  and  the  mean  annual  flow  of 
Colorado  River  at  Yuma  that  the  river's  annual  load  of  silt  carried 


.THB  ALLrAMEMCAS  OAKAlu 


25^ 


in  suspension  is  about  196,700,000  tons,  which  at  100  pounds  to  the 
cubic  foot,  represents  about  90,000  acre-feet  of  compactly  deposited 
dry  materiaL 

This  does  not  include  the  river's  bottom  or  bed  load  of  sand,  con- 
cerning which  little  is  known  other  than  that  the  river  at  its  fai^ 

stages  occasionally  makes  rapid  changes  in  depth  and  that  the  bottom, 
being  loose  sand,  yields  readily  to  the  erosive  force  of  the  water. 

The  studies  which  have  been  made  in  the  Imperial  Canal  indicate 
that  at  an  annual  diachai^  of  about  2,000,000  acrcH-fe^  tlie  average 
bed  load  of  the  canal  has  been  at  least  190,000  cubic  yards  per  month, 
or  about  2,280,000  cubic  yards  per  year.  It  will  be  safe  and  con- 
servative to  assume  that  the  river  has  a  bed  load  at  least  as  many 
times  greater  than  this  as  its  annual  flow  is  greater.  Accepting  the 
recorcb  of  the  United  States  Geolc^cal  Survey,  the  river's  annual 
dischai^e  may  be  placed  at  about  17,000,000  acre-feet,  or  8.5  times 
the  amount  diverted  into  Imperial  Canal.  The  bed  load  of  the  river 
may  therefore  be  estimated  at  not  less  than  8.5  times  2,280,000  cubic 
yards,  or  about  19,500,000  cubic  yards,  or  12,000  acre-feet. 

The  combined  load,  in  suspension  and  pushed  along  the  bottom,  is 
therefore  equivalent  to  an  average  annual  deposit  of  at  least  102,000 
acre-feet,  or  enough  material  to  cover  158  square  miles  1  foot  deep. 

In  making  this  estimate  it  has  been  assumed  that  the  average 
weight  of  1  cubic  foot  of  dry  deposit  is  100  pounds.  This  is  based  on 
recent  careful  determinations  of  the  amount  of  material  in  a  cubic 
foot  of  deposit  taken  from  the  bed  of  Imperial  Canal.  It  is  quite 
possible  that  this  assumption  is  somewhat  in  excess  of  the  average 
weight  of  the  top  layer  of  ground  in  the  delta,  but  is  lik^y  to  repre- 
sent fairty  the  average  weight  when  the  great  bidk  of  the  river's 
deposits,  including  what  lies  below  the  surface  layer  of  soil  is  con- 
sidered. 

The  all-American  canal  project  is  for  the  irrigation  of  an  area  of 
such  large  extent  that  when  the  lands  commanded  by  it,  togeth^ 
with  those  of  the  Yuma  project,  are  all  under  cultivation  the  entire 

natural  flow  of  the  river  would  be  diverted  at  Laguna  Dam  for  use 
on  both  sides  of  the  river  during  an  average  of  at  least  one  month 
per  year  and  in  some  years,  as  in  1902,  1903,  1904,  1910,  1915,  and 
1918,  from  two  to  six  months.  At  such  times,  until  conditions  are 
modeled  by  storage,  water  would  not  be  available  for  desilting  opera- 
tions without  a  reduction  of  the  diversions  to  the  detriment  of  tiie 
irrigators;  but  desilting  is  essential  in  order  that  as  little  as  possible 
of  the  river's  bed  load  of  sand  may  get  into  the  canal  systems  and 
that  the  suspended  load  in  the  waters  of  the  canals  be  kept  at  a 
niinimum. 

During  the  months  when  the  irrigation  demand  is  equal  to  or 
exceeds  the  quantity  of  water  in  the  river  at  tlie  Laguna  Dam  there 
is  then  urg^t  need  for  water  from  a  stored  supply  to  make  up  die 
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natural  deficiency  with  an  ample  allowanee  for  aluidng  purposes.  It 

is  believed  that  the  desilting  operation  can  be  carried  on  gucceasfuUy  ■ 
at  the  Lagiiiia  Dam  without  sacrificing  more  than  5  per  cent  of  what 
would  otherwise  be  the  continuous  flow  of  the  canals. 

The  following  table  poresents  in  condensed  form  the  results  of  the 
studies  made  at  Yuma  from  1969  to  1916  of  the  quantity  of  silt  carried 
in  suspension  by  the  water  of  Colorado  River. 

Tabu  Z,—8iU  cmUerUs,  Cbbmdo  River  at  Tuma,  1909  to  1918. 


fhittomiatioa  Aunisbedby  U»  United  States  Reclamation  Service.  Based  on  semiweekly  determinations 


Volume  of 

Average  monthly 

Percentage 

silt  at  100 

l:*eriod. 

discharge  at 

of^by 

pounds  per 

Yuma 

wei^t. 

cubic  foot 

(acre-foet). 

(acre-{eet). 

717,  440 

1.  70 

7,620 

753,  945 

1.39 

6,560 

1,  016, 158 

1. 10 

6,  860 

1, 478, 195 

.91 

8,380 

2,  887, 910 

.82 

14,  800 

4, 411,  205 

.57 

15.  800 

2,  881,  308 

.76 

13.  800 

1, 207, 054 

1. 12 

8,  430 

743, 196 

.97 

4,500 

865,093 

1.  40 

7,  570 

548, 418 

.59 

2,  040 

465.  064 

.33 

970 

.85 

97,390 

The  flow  at  Yuma  and  silt  contents  are  affected  by  the  sluidng 
operations  at  the  Laguna  Dam.  The  influence  of  sluicing  is  probably 
ne^i^ble  at  the  river's  high  stages,  March  to  August.  If  taken  into 
account  for  the  remainder  of  the  year  the  silt  contents  would  probably 
appear  slightly  less  than  shown  in  this  table.  Th«  mean  diversion 
of  water  at  the  Laguna  Dam  throughout  the  year  \lbs  not  exceeded 
1,000  second-feet.    There  was  practically  no  diversion  preceding  1910. 

THE  FLOaD  MENACE. 

The  contract  between  the  Secretary  of  the  Interior  and  the  Imperial 

Irrigation  District,  under  which  this  board  has  been  appointed,  is 
specific  and  definite  in  its  requirement  that  an  all-American  canal 
route  be  surveyed  Mid  examined.  No  alternative  has  been  left 
open.  Hie  surveys  and  investigations  which  have  been  made  relate, 
therefore,  to  a  canal,  located  throughout,  upon  American  territory. 
Our  investigations  could  not  1)0  broadened  out  to  a  full  conaderation 
of  the  wisest  and  best  treatment  of  the  irrigation  problem  of  the 
lower  Colorado  River  in  its  broadest  aspect.  This  is  to  be  regretted, 
because  the  lower  river  presents  problems  of  unique  perplexity.  The 
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river  is  not  alone  the  sole  dependency  for  irrigation  water  for  large 
areas  in  both  the  United  States  and  Meidoo,  but  its  floods  have  become 
a  menance  to  property  interests  in  both  countries  by  reason  of  the 
fact  that  these  floods  threat^^n  extensive  areas  with  permanent 
destruction.  In  the  case  of  most  regions  which  are  subject  to  over- 
flow from  rivers  the  oecasionai  flood  is  held  in  check  by  levees,  which 
if  they  break  cause  more  or  less  inundation  with  inconvenience  and 
loss  of  property  and  perhaps  of  lives,  but  the  water  recedes  in  the 
course  of  a  week  or  a  month  as  the  case  may  be. 

On  the  lower  Colorado,  however,  the  situation  is  entirely  different. 
The  riv«r  from  the  head  of  its  delta  to  the  Volcano  Lake  region  is 
from  300  to  400  feet  higher  ihm  the  lowest  portions  of  the  Imperial 
Valley.  The  river  in  fact  flows  on  the  southeasteriy  rim  of  this 
valley— if  a  very  broad  flat  delta  ridge  may  be  regarded  as  delimiting 
the  vaUey  in  this  direction— at  an  elevation  above  sea  level  from  low 
to  high  water  in  round  numbers  of  100  to  120  feet  near  Pilot  Knob 
at  the  head  of  the  delta  and  at  an  elevation  of  30  to  over  40  feet 
in  the  Volcano  Lake  region.  These  elevations  of  the  river  are  to  be 
compared  with  sea  level  as  the  general  elevation  of  the  ground  near 
Calexico  on  the  boundary  between  the  United  States  and  Mexico, 
50  feet  below  sea  level  at  M  Centre,  110  feet  below  sea  level  at 
Brawley,  and  over  280  feet  below  sea  level  at  the  deepest  points  of 

the  bed  of  Salton  Sea. 

On  the  present  route  of  the  lower  Colorado,  practically  along  the 
top  of  the  delta  ridge  to  Volcano  Lake,  any  overtopping  of  the 
river's  west  and  north  or  right  bank,  if  not  restrained  by  artificial 
barriers,  would  send  water  inland  down  a  slope  into  the  Salton  Basin. 
This  basin  to  the  southernmost  portion  of  which  the  name  Imperial 
VaUey  has  been  given,  has  a  surface  extent  of  about  2,000  square 
miles.  Being  a  depressed  basin,  there  can  be  no  return  flow  there- 
from to  the  river  until  the  basin  is  full.  A  laige  part  of  the  north 
central  portion  of  the  river  delta— that  is  to  say,  land  ne«r  and  to 
the  northward  of  the  present  Abejas  section  of  the  river— has  for  some 
years  past  escaped  submersion.  The  result  has  been  that  vegetation 
has  died  out  to  a  large  extent,  thus  leaving  this  region  more  exposed 
to  erosion  at  flood  if  barriers  are  broken  than  was  the  case  under 
natural  conditions.  Any  flood  waters  of  the  river  which  go  over 
bank  toward  the  north  must,  therefore,  at  all  costs  be  returned  to 
the  river  and  not  allowed  to  flow  down  the  northern  slope  of  the  delta 
cone.  This  is  being  done  by  the  maintenance  of  levees  judiciously 
placed  on  high  ground,  frequently  some  miles  distant  from  the  present 
river  channel. 

From  the  head  of  the  river  delta  at  Pilot  Knob  to  its  outfall  into 
the  Gulf  of  California  the  right  or  west  bank  of  Colorado  River  is  in 
Mexico.  Consequently  all  <^  the  levee  work  for  the  protection  of  the 
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Imperial  Valley  has  been  done  in  Mexico.  This  leree  work,  although 
upon  foreign  territory,  has  been  done  without  contribution  by  Mexican 
interests.  Not  only  were  several  millions  of  dollars  expended  in  1906 
and  1907  in  turning  the  river  from  its  suddenly  established  northerly 
course  back  intothe  gulf;  but  ^ce  then  a  ndll^  dollars,  conttibuted 
by  the  United  States,  were  expended  on  levee  work  in  Mexico  and 
in  addition  thereto,  the  Imperial  Irrigation  District  and  its  prede- 
cessors have  spent  more  than  another  million  in  levee  maintenance, 
levee  extention,  and  betterments,  all  giving  protection  to  Imperial 
Valley  and  other  lands,  and  all  necessarily  in  foreign  territory. 

Without  attempting  to  give  a  full  history  of  the  efforts  which  were 
made  to  keep  the  head  of  the  Imperial  Canal  from  being  choked  with 
liver  silt  and  of  the  many  other  difficulties  relating  to  maintenance 
ol  flow  in  the  emal  and  to  protection  against  flood  which  iwere  suc^ 
eessfulty  overcome,  the  following  facts  bearing  upon  the  flood  menace 
may  be  briefly  recalled: 

The  original  canal  headhig  or  intake  from  the  Colorado  lliver 
was  in  Califomia,  a  few  hundred  yards  north  of  the  international 
boundary  line.  Owing  to  trouble  with  ^t  it  could  not  kB'  kept 
open  at  sufficient  capacity  to  meet  the  growing  demands  ol  the 
irrisrators,  and  when  in  1904  the  concession  was  obtained  from 
Mexico  to  make  a  diversion  on  Mexican  territory  another  intake 
ohannel  was  constructed  just  south  of  and  paralleling  the  boundary 
ine,  delivering  into  the  canal,  which  was  there  only  a  few  himdred 
feet  from  the  river  bank.  As  this  did  not  sufficiently  improve  the 
situation;  another  cut  was  made  about  4  miles  farther  downstream, 
at  the  so-called  lower  Mexican  heading.  In  1905  the  river  scoured 
out  itm  cut  to  river  dimensions  and  in  November  of  that  year  com- 
pletely changed  its  course,  sending  a  flood  of  water  over  the  broad 
flat  areas  of  Imperial  Valley.  In  DecOTiber,  1906,  the  river  was 
turned  back  into  its  old  channel  by  the  construction  of  the  so-called 
Hind  Dam,  but  broke  out  again  a  few  weeks  later.  It  was  turned 
back  a  second  time  in  February,  1907,  by  the  construction  of  the 
Clarke  Dam,  whkh  is  practically  a  southern  extension^  of  the  Hind 
Dam.  In  1909,  about  20  miles  by  river  below  the  California  boundary 
line,  the  river  again  left  its  old  channel  and  cut  a  new  channel  west- 
erly, dropping  its  waters  into  a  delta  channel  known  as  the  Abejas 
or  Bee  River.  It  abandoned  its  old  bed  below  this  point.  On  the 
new  route  it  flows  werterly  into  the  Valcano  Lake  r^on.  Its 
waters  there  inundate  a  broad  extent  of  country  which  is  being 
raised  by  silt  deposit  and  in  which  the  copious  annual  watering 
has  stimulated  the  growth  of  willows,  brush,  and  plant  growth  gen- 
erally. To  the  northward  the  spread  of  the  waters  is  checked  by 
the  Volcano  Lake  levee,  now  ftn  embankmeait  about  13  feet  high, 
against  which  m  1917  for  10  miles  or  more  wat«r  stood  7  to  8  feet 
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deep.  To  the  southward  the  water  finds  its  escape  from  the  Volcano 
Lake  region  through  various  channds  and  over  low  areas,  dropping 

finally  into  the  Hardy  Colorado  and  its  feeders  and  thus  reaching 
the  Gulf. 

The  Imperial  Irrigatian  District  is  under  the  necessity  of  adding 
eozuttanUy  and  at  an  ever-increasing  rate  to  the  extiuat  and  mugoi* 
tude  of  the  defenses  which  must  be  maintained  to  keep  the  river 

from  turning  to  the  north.  The  river  has  in  the  last  few  years 
deposited  so  much  silt  toward  the  west  and  south  m  the  Volcano  Lake 
region,  over  which  its  water  flows,  that  the  obstruction  of  the  higher 
ground  thus  formed,  together  witJi  thftt  offered  by  the  rank  vegeta- 
tion of  the  southerly  delta  lands  which  have  been  periodically  under 
water,  has  caused  the  flood  menace  in  this  region  to  increase  from 
year  to  year.  Based  on  the  information  at  hand  since  1914  it  appears 
that  the  rise  of  the  flood  plane  now  averages  about  1  foot  per  year. 
Before  the  river  changed  its  course  in  1909  the  annual  high-water 
stage  in  Volcano  Lake  was  about  37.6  feet.  In  1917  it  rose  to  about 
elevation  44.5  above  mean  sea  level  (United  States  Geological  Survey 
datum). 

The  situation  as  described  is  serious,  and  the  menace  is  growing. 
The  control  of  the  lower  river  is  an  international  problem.  The 

area  to  be  protected  by  putting  the  river  upon  a  direct  course  to 
the  gulf  lies  in  both  Mexico  and  the  United  States.  No  time  is  to 
be  lost  in  dealing  with  the  problem,  which  can  not  be  adequately 
handled  by  the  Imperial  Irrigation  district. 

The  construction  of  an  ail-American  canal,  while  it  may  relieve 
the  irrigated  areas  in  California  from  compliance  with  the  conditions 
named  in  the  Mexican  concession,  will  not  solve  this  other  problem, 
which  is  also  of  vital  importance  to  Imperial  Valley, 

Should  an  ail-American  canal  be  constructed  and  the  carrying  of 
irrigation  water  through  Mexico  cease,  there  will  undoubtedly  be 
some  provision  thereupon  made  by  Mexico  to  maintain  the  pro- 
ductiveness of  the  Lower  California  lands  by  a  system  of  irrigation 
canals  heading  at  the  river  upon  Mexican  territory.  New  works 
then  established  may  and  most  likely  would  introduce  new  com- 
plications and  would  create  a  new  menace.  All  such  works  should 
be  under  more  or  less  supervision  and  control  from  our  side  of  the 
line  because  their  failure  would  menace  property  interests  m  the 
United  States  which  are,  for  the  time  being,  far  in  excess  of  those 
in  Mexico  and  will  always  be  of  great  magnitude.  This  board, 
therefore,  st^gests  Bn  arrangement  with  Mexico  which  is  fully  ex- 
plained at  the  end  of  this  report. 

At  the  river's  high  stages  there  will  alwayis  be  an  abundance  of 
water.  And,  when  the  flood  season  has  passed,  those  who  have 
not  established  Uieir  dain^  to  an  adequate  part  of  the  wMam^s 
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diminisliiug  natural  flow  should  be  supplied  with  water  from  storage. 
There  is  no  reason  why,  in  such  eircujnstances,  under  a  suitable 
agreem^t  between  the  United  States  and  Mc^co,  1^  should  not 
apply  beyond  the  United  States  boundary,  so  that  Mexico,  too,  may 
benefit  by  the  use  of  stored  waters  whenever  an  adequate  amount 
of  water  shall  have  been  provided  by  the  <*oustru(*tion  of  large 
ston^e  reservoirs  in  the  United  States.  There  is  all  the  more  reason 
for  such  an  arrangement,  due  to  the  effect  which  storage  on  a  lai^e 
scale  would  have  in  reducing  the  peak  of  the  flood  discharge  on  the 
lower  river.  Any  reduction  of  the  flood  menace  thus  secured  will 
be  of  direct  beiieiit  to  Mexico  as  well  as  to  the  United  Statt^s. 

The  levee  system  which  prevents  the  floods  of  the  Colorado  Kiver 
from  takmg  a  northerly  course  and  upon  which  Impcariid  Valley  i& 
de})endent  for  protection  against  the  menace  of  destruction,  as  above 
stated,  is  briefly  described  as  follows: 

1.  The  California  Development  Co.  levee,  the  so-called  C.  U.  levee, 
was  built  in  1906  and  1907  by  the  California  Development  Co.  It 
extends  from  Hanlon's  just  north  of  the  international  boundwy, 
southerly  along  the  right  bank  of  the  Colorado  River  a  distance  of 
7  miles  and  thence  southwesterly  bearing  away  from  the  river  an 
additional  distance  of  some  8  miles,  being  thence  contuiued  under 
the  name  of  the  Saiz  levee  to  a  point  some  7  or  8  miles  northeasterly 
from  the  area  originally  occupied  by  Volcano  Lake.  * 

2.  The  Volcano  Lake  levee,  on  which  the  first  work  was  done  in 
1908,  and  which  has  been  raised  from  time  to  time  and  strengthened 
and  extended.  This  levee  extends  from  the  base  of  Cerro  Prieto 
easterly  for  6  or  7  miles,  across  the  bad  lands  at  the  north  of  Volcano 
Lake,  and  thence  northeasterly  to  a  connection  with  the  embank- 
ment of  the  Inter-California  Railroad.  Its  total  length  is  about 
16  miles. 

3.  The  Ockerson  levee,  constructed  in  1911  for  the  primary  pm- 
pose  of  returning  the  flow  of  the  Colorado  River  back  into  its  original 
course  to  the  Gulf  of  California.  The  river  had  in  1909  abandoned 
its  channel  about  2  miles  below  the  Arizona  boundary  line  and  taken 
a  westerly  course  into  the  Volcano  Lake  region  along  the  general 
route  of  the  Abejas  high-water  channel  which  it  enlarged  to  river 
dimensions.  This  levee  was  breached  at  the  head  of  the  Abejas  and 
also  at  several  other  places  soon  after  its  construction.  It  has  not 
been  repaired.  The  river  still  flows  into  the  Volcano  Lake  region 
as  elsewhere  explained. 

In  1906  and  1907  the  Colc^ado  River  was  twice  tumed  from  an 
inland  course  at  points  about  4  miles  south  of  Pilot  Knob  by  the 
construction  of  rock-fill  barriers,  which  now  appear  as  parts  of  the 
C,  D.  or  river  levee. 
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The  cost  of  all  the  above  protection  worit  has  been  lai^e,  probably 
in  excess  of  $5,000,000. 

Within  the  last  year  the  Volcano  Lake  levee  has  been  raised  3 
feet,  at  the  eacpense  of  Imperial  Irrigation  District,  and  portions  of 
the  Saiz  levee  have  been  raised  4  feet.  More  work  is  to  be  done  in 
the  near  future  on  these  levees,  because  the  mmace  firom  the  south 
is  growing. 

DRIFT. 

The  amount  of  drift  carried  by  the  Colorado -River  is  very  large. 
It  is  of  all  kinds.  Large  logs,  20  to  40  feet  and  longer,  are  numerous. 
The  caving  banks  supply  brush  and  litter  of  all  kinds  and  also  many 
*  Cottonwood  and  wiUow  trees  which,  being  grem,  float  nearly  or 
completely  submei^ed.  Hie  drift  ordinarily  runs  near  the  middle  of 
the  stream  in  the  river's  straight  reaches  but  close  inshore  along  con- 
cave banks.  Some  is  sure  to  find  its  way  into  any  outlet  from  the 
river  into  which  there  is  considerable  flow  of  water. 

At  the  Laguna  Dam  some  of  the  lai^er  type  of  drift  can  be  seen 
lodged  above  the  dam  and  here  and  there  hanging  to  the  crest  of  the 
structure.  By  far  the  largest  portion  of  the  drift  shows  the  eflFect 
of  having  been  buffeted  about  and  of  having  been  long  submerged. 
Much  has  been  several  seasons  in  traveling  from  its  place  of  origin  to 
the  lower  river. 

This  drift  has  thus  far  given  no  teouble  at  the  Yuma  Canal  diver- 
sion works.    Only  a  negligible  amount  follows  the  water  into  the 

desilting  channel.  The  little  that  gets  to  the  head  gates  is  readily 
removed  when  the  «luice  gates  are  opened  for  the  usual  sluicing 
operations. 

When  the  Yuma  Canal  is  mdaiged  there  will  be  more  drift  at  the 

head  gates.  It  may  then  be  a  more  difficult  problem  to  dispose  of  it. 
Booms  may  be  required  to  deflect  the  drift  from  the  entrance  of  the 
desilting  channeL 

THE  DBIFTING  SAND. 

This  board  has  found  no  practical  way  of  determining  how  much 
sand  will  blow  into  an  open  ewnal  on  the  lO^mile  stretcdi  in  which  the 
location  of  the  all-American  canal  is  through  a  re^on  of  drifting 
sand.  The  sand  has  been  piled  by  the  wind  in  dunes  with  crests 
at  some  points  100  to  200  feet  in  height  above  the  general  surface  of 
the  mesa  over  which  tha^wnd  is  traveling.  These  dunes,  while  much 
broken,  are  yet  more  or  less  connected  in  ridges  at  ri|^t  angles  to 
the  longitudinal  axis  of  the  sand-hill  area.  Between  these  ridges  are 
depressed  areas — the  limit  of  the  depression  being  the  surface  of  the 
mesa  of  which  areas  of  various  size  are  here  and  there  exposed  be- 
tween the  drifting  dunes.  The  mesa  itsdf  is  built  up  of  detrital  sand, 
}m%M  Mad  of  qwto  didlforeEit  textwe  from  tba*  loiaid  in  tibe  saad 
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hills.   The  sand  of  the  mesa  contams  a  large  proportion  of  coarse 

sand  grains  and  fine  gravel  with  a  little  coarser  material  up  to  small 
cobble  size,  and  just  enough  of  very  fine  material  to  be  slightly 
cohesive.  The  wind  has  apparently  whipped  out  of  its  surf  aoe  mudi 
of  &e  fine  mateiial  which  is  now  adrift  ffl  the  dunes. 

The  prevailing  wind  to  which  the  frtHk  owe  their  shape  and  their 
grouping  is  from  northwest  to  southeast.  When  a  strong  wind 
is  blowing  there  is  a  steady  stream  of  sand  over  the  crest  of  each  sand 
wave  and  over  the  tops  of  the  dunes.  These  dunes  are  more  or  less 
crescent  shaped^  with  flat-sloping,  gently  rounded  badks  to  the  wind- 
ward, i.  e.,  toward  the  northwest,  and  steep  slopes  generally  about 
1.75  to  2  feet  horizontal  to  1  vertical  to  the  leeward  or  southeast.  - 
The  momentary  condition  is  subject  to  considerable  variation,  depend- 
ing upon  the  <tirection  of  the  wind  and  the  amount  of  moisture  in  the 
sand.  Some  shrubs  uid  plants  that  were  found  growing  on  the 
backs  of  the  dunes  were  deeply  rooted,  having  pushed  their  growth 
upward  as  layer  upon  layer  of  sand  was  piled  on  by  the  wind.  Their 
persistence  under  adverse  conditions  indicates,  however,  that  the 
change  in  surface  elevation  is  probably  dow« 

Several  years  ago  a  plank'road  was  built  through  these  sand  hills. 
Every  storm  that  blew  piled  some  sand  on  this  road.  Some  diffi- 
culty was  experienced  in  keeping  it  open.  And  yet,  the  amount  of 
sand  which  the  wind  deposited  on  this  road  was  relatively  small. 
The  attention  of  one  to  two  men  with  scraper  outfits  sufficed  to  keep 
the  road  passable  except  for  short  periods  diurog  severe  wind  storms 
several  days  in  duration.  It  would  signify  but  little  if  the  amount 
of  sand  removed  from  the  road  should  fall  into  a  large  canal.  Unfor- 
tunately, however,  the  depoidted  sand  on  any  such  area  as  a  road 
surface  does  not  give  any  dependable  clue  to  the  sand  which  would 
be  trapped  by  a  canal  in  the  same  location.  Some  sand  is  blown 
across  the  road  in  both  directions  which  does  not  lodge  there.  A 
canal  across  the  sand  hills  would  have  a  water  surface  some  30  to  50 
feet  below  the  surface  of  the  mesa,  and  if  no  precautionary  measures 
are  taken  the  sand  blown  across  the  top  edge  of  either  bank  would 
fall  into  the  water  and  would  lodge  within  the  canal  as  an  obstacle 
to  be  .artificially  removed. 

In  reconmiending  a  large  apm  canal  through  the  sand  hills  this 
board  recc^nizes  that  the  saiid  may  prove  tooublesome.  When  it 
does  a  remedy  must  be  applied.  Tlie  following  is  suggested  as  one 
that  certainly  w^ould  be  successful.  One  or  more  suction  dredges 
can  be  kept  at  work  in  the  canal  making  delivery  of  the  excavated 
material  into  basins  between  tlie  sand  hills  and  cov^rmg  the  sandr 
hiU  slopes  to'sndii  extent  that  these  slopes  will  become  ^xed.  Fur- 
thermore, pumped  water  can  be  used  for  the  irrigation  of  the  sand-* 
hill  slopes  until  they  are  so  covered  with  vegetation  that  for  half  a 
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mile  or  more  on  each  side  of  the  canal  the  drifting  sand  will  be 

diecked. 

In  view  of  such  possibilities,  the  cost  estimate  which  we  submit 
is  based  on  the  construction  of  an  open  cut  with  comparatively 
flat  slopes  and  a  wide  berm.  Some  protection  will  also  be  secured 
by  a  proper  disposal  of  the  excavated  material  with  which  some  of 
the  blow  sand  can  be  blanketed. 

In  the  eastern  portion  of  the  sand-hill  area  the  drifting  sand  is  of 
a  finer  texture  than  in  the  westerly  portion.  It  is  noticeable  that 
in  the  eastern  two-thirds,  approximately,  the  dnnea  are  in  motion 
from  base  to  crest  and  that  the  sand  of  which  they  are  composed 
is  uniformly  fine.  It  has  a  very  pale,  slightly  reddish  tinge.  There 
is  very  little  v^etation.  A  sample  taken  at  random,  but  fairly 
representative,  shows  the  composition  noted  bdow  in  the  table. 

On  the  western  one-third  of  ihe  area  darker  spots  are  noticeaUe 
on  the  surface  of  the  dunes.  There  is  a  little  more  vegetation,  &e 
vegetation  appears  more  permanent,  and  the  crests  are  more  broadly 
rounded.  Probably  more  than  one-half  of  the  area  is  of  this  darker 
color,  wbidi  on  obsravation  is  found  to  be  due  to  a  coarser,  grayer 
sand.  This  coarser  material  does  not  run  with  the  wind  as  freely 
as  the  finer  material,  and  it  is  noticeable  that  secondary  dunes  of 
an  intermediate  grade  of  sand  of  comparatively  small  height  are 
traveling  over  the  more  permanent  gray  sand.  The  last  or  most 
westerly  ridge  of  sand  to  be  cut  by  tiie  canal  is  of  the  coarser  texture 
and  there  is,  therefore,  less  to  be  feared  h&te  from  sand  drifts  than 
farther  east. 

The  following  comparisons  will  give  some  idea  of  the  difference  in 
texture  of  the  sands  as  they  appear  near  the  surface; 


Tabia  A.Sand/rom  the  nnd  kUU. 


WcBtenuDost  rUlge. 

JEluneas-fassing  screen  No.— 

Kasterly 
portion, 

fine 
drifting 
ssnd. 

Westerly 
poition, 

gray 
drifting 

Gray 
drifting 
sand 
1  foot 
below 

Surface 
sample 
of  dnfting 
sand. 

Per  cent. 
1.5 

Per  cejU. 
3.5 

Percent. 
2.1 

Pereem, 
2.0 

41.5 

18.0 

27.0 

30.0 

99.0 

39.5 

7L0 

63.0 

99.8 

8S.0 

89.0 

80.0 

9L0 

99.0 

91.0 

98.0 

95.0 

AU. 

AU. 

ML. 

AU. 
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THE  CANAL  CAPACITY. 

In  determining  that  the  all-Ammcan  canal  should  be  planned  for 
a  capacity  of  9^000  second^eet,  comid^tion  wm  given  to  the 
following  facts: 

On  the  586,000  acres  within  Imperial  Irrigation  District  it  is  esti- 
mated by  those  supposed  to  be  best  informed  that  515,000  acres 
will  ultimately  be  under  cultivation  and  therefore  irrigated.  The 
west-side  canal  can  be  extended  and  constructed  on  lighter  grade 
whereby  some  40,000  acres  mo(re  westrside  land,  not  now  witMn  ihB 
district,  can  be  added  to  the  in^ated  area. 

On  the  east-side  mesa  there  are  about  200,000  acres  of  land  of 
which  it  is  estimated  it  is  feasible  to  irrigate  140,000  by  gravity  flow. 

Northward  from  what  is  generally  known  as  the  east-side  mesa 
on  the  eastern  slope  of  the  valley  and  extending  to  Coachella  Valley 
there  are  about  115,000  acr^  of  land  that  will  be  commanded  by  an 
eittension  of  the  mesa  canal,  of  which  probably  75,000  acres  net 
should  be  considered  as  being  suitable  for  irrigation.  « 

Still  further  north  lies  the  Coachella  Valley  where  irrigation  might 
be  extended  to  possibly  more  than  an  additional  75,000  acres.  Of 
pumpage  area  tJiere  are  about  30,000  acres  on  the  east-^de  and 
about  25,000  acres  on  the  west-side  mesa. 

Without  at  the  present  time  including  lands  so  remote  as  those 
to  the  westward  of  the  northeily  end  of  Salton  Sea,  the  net  in%able 
areas  to  be  considered  aggregate  900,000  acres.  It  is  to  be  under- 
stood, however,  that  whenever  it  shall  become  apparent  that  water 
is  available  for  a  larger  area  and  the  demand  for  extension  is  made, 
the  canal  can  be  enlarged  by  dredging  and  the  irrigated  area  can 
be  extended  beyond  the  limit  named  as  the  basis  for  the  project. 

Based  on  the  experience  in  tlie  Imperial  Valley  and  in  tiie  Yuma 
project  it  has  been  found  that  a  delivery  of  about  3.33  acre^eet  of 
water  per  acre  per  year  and  a  diversion  from  the  river  of  about  4.44 
acre-feet  for  each  acre  of  the  irrigated  area  should  adequately  meet 
the  requirements  of  general  farming  as  the  same  has  been  practiced 
in  these  regions.  It  is  known  that  the  losses  of  water  from  the 
Imperial  Canal  in  its  course  tibrough  Mexico  in  a  distance  of  about 
50  miles  are  from  15  to  20  per  cent  of  the  amount  diverted  from  t^e 
river,  or  in  round  numbers,  according  to  the  canal  stage,  about  7.5 
to  20  second-feet  per  mile  of  canal.  It  is  also  known  that  the  losses 
in  the  secondary  mains  in  Imperial  Valley  are  light,  probably  not 
much  in  excess  of  10  per  cent. 

allrAmerican  canal  will  be  subject  to  ordinary  canal  losses 
from  the  Laguna  Dam  until  it  gets  beyond  Pilot  Knob.  Th^ce 
westerly  for  neariy  20  miles  the  water  surface  of  the  canal  wiU  be 
deep  in  the  ground.  The  canal  bottom  in  this  stretch  will  be  at 
an  average  depth  of  about  50  feet  below  the  surface  of  the  mesa. 
The  canal  may  for  a  time,  at  the  beginning  of  operation,  lose  water 
here  as  it  would  if  in  shallow  excavation,  but  presently  the  lower 
layers  of  the  mesa  formation  will  be  filled  with  water  and  the  canal 
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losses  will  be  restricted  to  what  these  layers  can  carry  away.  This 
amount  will  probably  be  small — probably  not  one-half  of  the  amount 
vhidh  is  lost  by  the  Impwial  Canal  per  unit  of  length.  Allowing, 
however,  an  equal  loss  in  amount  per  mile,  or  from  7  i  to  20  second- 
feet  for  the  all-American  canal  to  the  pomt  where  ddi very  mto  the 
head  of  a  mesa  canal  will  be  made,  the  loss  would  be  only  about  6J 
to  7^  per  cent. 

At  the  headworks  there  vnTL  be  waste  due  to  the  desilting  operation. 
This  may,  as  elsewhere  stated,  amount  to  about  5  per  cent.  It  is 
believed,  imder  these  circumstances,  that  an  allowance  of  about  15 
pOT  cent  for  all  losses  down  to  where  the  canal  will  deliver  into  the 
east-side  mesa  canal,  will  be  adequate  and  that  the  figures  above  noted 
relating  to  the  per  acre  requirements,  based  on  experi^ce,  which 
allow  for  33  J  per  cent  more  water  diverted  than  is  applied  to  the 
land,  may  be  accepted  as  a  safe  guide  in  determining  the  amount  of 
water  required  to  supply  the  needs  of  900,000  acres  of  cultivated 
lands. 

It  is,  of  course,  quite  possible  that  after  some  years  of  opwatiim, 
when  the  canal  beds  have  been  rendered  less  pwvious  by  deposits 
of  mud  and  silt,  the  more  sanguine  estimate  of  canal  loss  as  noted  in 
Mr.  Preston's  report  will  be  realized. 

The  demand  for  water  by  months  will  be  about  as  shown  in  the 
following  table,  which  is  based  on  the  assmnption,  not  strictly  true, 
that  the  canal  loss  will  be  proportional  to  the  amount  div^ted. 
The  percentage  of  loss  will  in  fact  be  somewhat  less  when  the  canal  ia 
flowing  fuU  than  when  at  a  low  stage,  because  the  loss  is  mote  neaaiy 
proportional  to  canal  water-surface  area  in  the  canal  than  to  volume 
of  flow,  mid  the  water-surface  area  increases  at  a  less  rate  than  does 
the  volume  oi  flow« 

Table  No.  5. —  The  irrigation  demand,  by  months. 


January — 
February.. - 
March  

June.-*  

July  

August  

September - 

OctobOT  

November.. 
Dioember.. 

Total 


Per  cent 
of  annual 
require- 
JIHBBt. 

Average 
delivery 
to  the* 
Irrigated 
land  (depth 
in  feet). 

Average 
diversion 

for  the 
irrigated 
land  (depth 
in  feet). 

3.0 

0.10 

0. 13 

5.0 

,17 

.23 

9.0 

.30 

.40 

10.0 

.33 

.44 

12.0 

.40 

.53 

13.5 

.45 

.60 

13.5 

.45 

,60 

n.5 

.38 

.51 

9.5 

.32 

.42 

7.0 

.23 

.31 

4.0 

.13 

.18 

2.0 

.07 

.09 

100.0 

3.38 

4.44 

S6  THE  Mi^Ammmx  oasal* 

The  maximtim  demand  for  irr^ation  water  will  detennine  the 
canal  capacity.  The  maximmn  demand  is  expected  in  June  and 
July.  In  these  months  the  diversion  from  the  rirer  should  be  in 
such  amount  that  if  ail  the  water  were  delivered  without  loss  in 
transit  it  would  cover  the  entire  cultivated  area  in  each  of  these 
months  to  a  depth  of  0.60  foot  or  7.2  inches.  The  duty  of  each 
second-foot  of  water  diverted  would,  if  expressed  otherwise,  be  100 
acres.  The  canal  to  supply  the  desired  amount  of  water  to  a  cnlti- 
vated  area  of  900,000  acres  in  Imperial  Valley  should  have  a  capacity 

of  9,000  second-feet. 
For  the  Yuma  project,  with  some  allowance  for  expansion  beycmd 

the  limits  generally  indicated,  a  maximum  diversion  of  1,600  second- 
feet  has  been  assumed.  This  is  the  amount  for  which  the  Keclama- 
tion  Service  desires  that  capacity  be  provided  and  for  which  the 
ixriginal  projtet  canal  was  constructed. 

The  required  canal,  capacity,  therefore,  of  10,600  second-feet 
results,  from  the  Laguna  Dam  down  to  the  point  at  the  siphon 
drop  where  the  Yuma  water  is  to  be  delivered  to  a  separate  canal 
and  9,000  second-feet  for  the  all-American  canal  below  this  point  to 
(he  upper  mesa  canal  heading  whero  the  main  supply  for  the  east 
mesa  would  be  taken  off. 

The  board,  upon  request  of  the  Du-ectors  of  Imperial  Irrigation 
District,  submits  as  an  alternative  the  estimated  cost  of  constructing 
the  canal  at  first  at  a  capacity  of  only  6,000  second-feet  to  meet  the 
immediate  needs  of  the  district.  The  structures  for  this  alternative 
have,  however,  been  planned  at  full  capacity  to  meet  eariy  future 
requirements.  The  power  plants  would  be  the  same  as  for  a  full- 
capacity  canal. 

METHODS  OF  CONSTRUCTION  AND  UNIT  COSTS. 

The  work  of  excavating  the  canal  should  be  done  to  the  maximum 
extent  possible  by  machmery.  The  cUmatic  conditions  aie  not 
favorable  for  securing  good  results  with  ordinary  labor.  Few  work 
of  the  magnitude  of  an  all-American  canal,  particularly  for  the  deep 
imifoim  excavation  westerly  from  Pilot  Knob,  special  methods  or 
types  of  machinery  and  appliances  may  be  designed  to  do  the  work 
expeditiously  and  economically.  It  is  pos^le  that  such  methods 
or  machinery  can  be  perfected  and  brought  into  successful  operatmg 
condition,  and  that  thereby  the  cost  of  the  work  can  be  somewhat 
reduced.  Nevertheless,  it  would  not  be  safe  to  assume  other  methods 
of  construction  as  the  basis  for  a  cost  eetunate  than  such  aa  have 
been  standardized  by  experience. 

It  would  be  useless  to  speculate  as  to  what  the  operating  and  plant 
■coats  of  special  types  of  such  machinery  would  be  when,  perhaps  after 
4taomAenible  experimentation,  they  have  been  brought  into  a  condi- 
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tion  to  operate  successfully.  This  board  believes  that  it  would  be 
unwise  to  pennit  any  experimentation  which  does  not  at  the  outset 
give  ahnost  certain  proniisa  of  success,  and  it  has,  therefore,  adopted 
unit  costs  based  on  methods  of  work  which  experience  has  standard- 
ized and  which  will  give  assurance  of  successful  accomplishment 
within  a  time  limit  that  can  be  predicted  \vith  some  certainty. 

It  is  known  that  practically  all  of  the  work  can  be  done  with 
such  standard  equipment  as  drag-line  excavators  and  steam  shovels 
and  that  such  work,  under  payment  for  electric  ien^^  or  the  g^ei»- 
tion  of  power  at  the  drops  or  with  oil  as  fuel,  should  be  done  at  a 
cost  of  about  20  to  30  cents  per  cubic  yard  when  no  powder  is  re- 
quired to  loosen  the  material,  and  75  cents  per  cubic  yard  for  rock. 

Wherever  tiie  conditions  are  such  that  the  excavated  material 
must  be  transported  for  a  considerable  distance  lengthwise,  steam 
shovels  are  well  adapted  for  the  work.  They  will  load  upon  cars, 
and  trackage  wiU  have  to  be  provided  to  send  the  excavated  material 
to  8dected°dumps  ot  to  some  place  wh^e  its  deposit  will  be  of  some 
use. 

For  the  rock  cuts  at  and  adjacent  to  Laguna  Dam,  steam  shovels 
with  the  addition  of  a  clamshell  or  orange-peel  excavator  and  a 
hydraulic  dredge  for  the  excavation  of  the  desilting  basin  are  con- 
teni^iilated.  The  material  from  the  rock  cuts  will  be  hauled  for  use 
in  the  training  jetty  of  the  settling  basin  and  to  riprap  the  levee, 
which  affords  protection  to  the  upper  end  of  the  maui  canal.  Some 
of  this  material  may  be  placed  in  the  reservation  levee  of  the  Yuma 
project,  but  the  haulage  costs  for  this  work  would  not  be  charged 
to  the  aU-American  canal. 

For  the  enlargement  of  the  10  miles  of  the  Yuma  project  main 
canal  to  siphon  drop  large  size  drag-line  excavators  are  contem- 
plated. These  will  handle  all  the  material  with  the  exception  of  a 
few  short  stretches  where  the  main  canal  hugs  the  base  of  the  mesa 
bluffs.   In  these  stretches  a  mediumrsiaed  steam  shovel  will  be  used. 

From  siphon  drop  to  Araz  practically  all  the  work  is  suited  for 
drag-line  excavators,  and  from  Araz  to  Pilot  Knob  for  steam  shovels. 

At  Pilot  Knob,  too,  practically  all  the  excavation  will  be  made 
with  steam  shovels.  Space  for  spoil  along  the  line  of  the  canal, 
which  will  be  but  a  few  hundred  feet  from  the  international  tKmndary, 
is  limited.  The  excavated  material  must  nearly  all  be  taransported 
for  a  considerable  distance  lengthwise  of  the  canal.  It  is  proposed 
to  have  the  steamnahovel  track  system  connected  with  the  track  on 
the  "River"  levee  and  to  extend  this  track  the  full  length  of  the 
Snz  levee  and  also  to  put  a  track  on  the  OokOTSon  levee,  connecting 
with  tliis  line  and  extending  to  the  head  of  the  Bee  River.  It  will 
thereby  be  made  possible,  at  the  cost  of  some  extra  haul,  which  is 
Bim^  to  send  the  material  from  |)he  canal  to  the  "River/'  Saiz, 
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and  Volcano  Lake  levees  whack  need  ladsing  sad  strengthening.  A 

small  proportion  of  the  steam-shovel  excavation  oh  the  south  slope 
and  a  large  proportion  of  that  on  the  east  slope  of  Pilot  Knob  will 
be  rock,  suitable  for  river  bank  and  levee  facing.  When  once  loaded 
upon  cars  tim  mttteriid  should  beplaoed,  so  far  as  it  is  eeouomically 
feasible,  where  it  will  be  useful  in  affcffding  pioteetiffli  against  the 
flood  menace. 

In  the  board's  estimates  of  cost  no  addition  has  been  made  for 
long  haul  when  material  is  thus  disposed  of,  it  being  assumed  that 
some  provi^on  will  be  made  to  meet  this  small  additional  cost  out 
of  special  funds  that  will  have  to  be  raised  from  time  to  time  for 

protective  work. 

Excavation  of  the  sand-hill  stretch  of  canal  by  electrically  oper- 
ated shovels  is  contemplated.  Power  for  the  shovels  will  be  fur- 
nished from  the  power  station  at  Pilot  Knob.  Some  grading  and 
construction  of  track  and  the  establishment  of  pomanent  camps 
would  be  done  before  this  power  is  available,  while  the  power  house 
is  being  constructed  and  the  connection  with  the  Laguna  Dam  is 
being  made.  Active  excavation  with  a  full  plant  would  begin  about 
18  months  after  the  work  on  the  upper  sections  of  the  all-American 
canal  begins.  Each  steam  shovel  would  be  operated  so  as  to  give  a 
net  output  of  two  shifts  or  an  average  output  of  at  least  4,000  cubic 
yards  per  day,  or  120,000  cubic  yards  per  month.  Twelve  shovels 
in  operation  would  excavate  about  1,440,000  cubic  yards  per  month. 
As  their  full  task  would  be  50,000,000  cubic  yards,  they  should 
complete  the  canal  prism  from  the  easterly  edge  of  the  mesa  at 
Pilot  Knob  to  the  mesa  canal  heading  in  about  three  years. 

The  excavated  material  under  such  method  of  work  would  be 
sent  to  spoil  dumps  so  located  as  to  be  of  maximum  benefit  in  check- 
ing the  drifting  sand.  With  a  fair  ^owanoe  for  profit  this  work 
can  be  done  at  about  30  cents  per  cubic  yard,  and  this  price  has, 
therefore,  been  adopted  as  the  basis  of  the  cost  estimate  for  this 

part  of  the  work. 

Westward  to  the  mesa  power  station  No.  2  the  canal  will  no 
longer  be  deep  in  the  ground  and  excavation  can  readily  be  handled 
with  drag-line  excavators. 

Westward  from  the  deep  cut  below  power  station  No.  2  grading 
ou^ts  are  contemplated,  and  some  means  must  be  provided  to 
e<»npact  embankments  which  sustain  a  high  water  pressure. 

Based  on  such  considerations  as  above,  the  unit  prices  which 
were  used  to  form  the  basis  of  the  cost  estimate  will  be  found  noted 
in  Mr.  Preston's  report. 

Work  should  first  be  concentrated  on  the  stretch  from  Laguna 
Dam  to  Klot  Sjiob;  this  will  take  about  18  months  from  the  time 
that  definite  instructions  for  its  construction  are  issued.  During 
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its  construction  the  work  at  the  Pilot  Knob  power  station  should  be 
in  pr(^reB8.  More  than  a  year  shoidd  be  allowed  for  the  preparation 
of  the  site  for  this  station  and  the  acquisition  and  placing  of  the 
necessary  machinery.  It  will  probably  be  two  years  before  the  power 
station  will  be  in  full  operatmg  condition.  During  this  time  the 
preparation  for  the  excavation  on  a  large  scale  of  the  canal  across 
the  mesa  would  be  made  so  tiiat  when  the  power  from  the  Pilot  Knob 
station  is  available  no  time  would  be  lost  in  getting  the  excavation 
machinery  to  work  at  full  capacity.  By  providii^  an  adequate 
excavating  outfit  for  the  canal  from  Laguna  Dam  to  Pilot  Kjiob 
and  rushing  this  work,  the  plant  can  subsequently  be  used  on  the 
canal  westward  from  Pilot  Knob,  where  three  or  possibly  four  years 
must  be  allowed  for  completion. 

In  order  to  classify  the  material  as  to  its  character  and  to  make  the 
cost  estimates  more  dependable,  information  was  obtained  from  the 
United  States  Reclamation  Service  relating  to  the  work  from  the 
IiftgtiTift  Dam  to  the  siphon  drop.  Betweeu  tiie  siphon  drop  and 
Pilot  Knob  the  charactw  of  tiie  hills  was  aacertuned  by  inspection, 
particularly  at  the  points  where  railroad  cuts  and  deep  wadies 
exposed  the  stratification  to  view.  At  Pilot  Knob  a  number  of  pits 
were  put  down  and  holes  bored  or  drilled  in  the  bottom  thereof  and 
westerly  ^m  Pilot  Knob,  on  the  mesa,  at  points  about  a  mile  apart, 
pits  were  sunk  and  borings  were  made,  which  tended  to  confirm  tiie 
conclusion  that  on  this  part  of  the  work  there  would  be  no  solid  rook 
and  only  here  and  there  a  layer  of  slightly  cemented  gravel. 

It  may  be  desirable  before  the  work  advances  to  the  stage  of  calling 
for  bids  to  make  soipe  additional  borings  and  eixeavation  on  the 
slopes  of  Pilot  Knob.  The  board  feels  safe,  however,  m  accepting  the 
indicated  residts  of  these  studies  already  made  and  knows  that  there 
can  not  be  any  increase  in  the  amount  of  rock  excavation  which  would 
materially  affect  its  conchiskms  as  to  the  estimated  aggregate  cost  of 
the  whole  work. 

THE  CANAL  HEADWORKS  AT  LAGUNA  DAM. 

The  headworks  of  the  Yuma  project  canal  are  to  be  so  modified 
that  the  diversion  into  a  common  canal  will  be  adequate  to  supply  the 
irrigation  demand  of  both  this  project  and  the  ^penal  Valley.  At 
the  point  of  diversion  on  the  Ci)lorado  River,  about  10  miles  north- 
easterly from  Yuma,  the  elevation  of  the  water  surface  in  the  riv«r  is 
brought  under  control  by  the  Laguna  Dam.  This  is  a  broad,  low 
structore  of  the  w«r  type,  which  extends  from  solid  rock  on  one  side 
of  the  valley  of  the  Colorado  4,750  feet  to  solid  rods  <»i  the  other  side. 
The  crest  of  the  structure  is  at  a  uniform  height  (elevati<m  151  feet). 
At  maximum  flood  stage  the  depth  of  water  on  the  crest  of  the  dam  is 
5.5  feet.   This  dam  raises  the  water  surface  of  the  river  about  10  feet 
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at  the  river's  low  stage.  At  high  water  the  fall  of  the  water  surface 
at  the  structure — that  is,  the  fall  from  water  above  the  dam  to  water 
below  the  dam— k  only  about  5  feet.  The  shape  of  the  crest  of  the 
dam  is  su^  that  some  <A  the  lai^e  diif  t  earned  by  the  river  k  caught 
by  the  dam  at  certain  stages  of  the  water  and  hangs  there  until  the 
water  of  a  higher  stage  pushes  it  over. 

To  some  extent  checking  of  drift  in  this  way  could  be  prevented  by 
modifyii^  the  shape  of  the  crest.  As  this  is  desirable  and  as  there 
would  be  material  advantage  to  both  the  Yuma  project  and  the 
all-American  canal  project  in  holding  the  water  above  the  Laguna 
Dam  at  low  stages  somewhat  higher  than  heretofore,  the  board  sug- 
gests that  the  crest  of  the  dam  be  raised  2  feet  and  roimded,  with  a 
short  approach  from  upstream  on  a  goatle  slope,  so  as  to  offer  the 
least  possiblo  obstruction  to  drift.  The  advantage  of  thira  rairang 
the  crest  of  Laguna  Dam  is  represented  by  the  saving  of  about 
1,000,000  cubic  yards  of  excavation  for  each  foot  that  the  grade  line 
of  the  all-American  canal  is  raised. 

ThA  board  realizes  that  due  to  the  groat  l^th  of  the  Laguna  Dam 
and  the  broad  expanse  of  the  submeiiged  area  above  the  dam  there  will 
be  a  deposit  of  material  to  and  above  the  full  height  of  the  structure 
over  some  areas,  and  a  growth  of  willows  and  brush  is  to  be  expected, 
which  may  so  encroach  upon  the  structure  that  the  dam  can  not 
function  unif oxmlj  frcnn  end  to  .end.  There  will  always  be  certain 
pomts  at  which  there  will  be  freer  approach  for  the  water  from  above 
than  at  others,  and  from  these  points  there  will  be  some  flow  aloi^ 
the  dam  to  the  right  and  left.  The  water  going  over  the  crest  of  the 
dam  will  not,  m  other  words,  be  at  a  uniform  depth.  Consequently 
the  h^ht  to  whi<^  the  -water  will  rise  when  the  river  is  at  a  high 
stage  wiU  be  somewhat  above  what  would  be  calculated  on  the 
assumption  that  the  overflow  is  uniform  from  end  to  end  of  the  dam. 
Allowance  for  this  fact  has  been  made  in  planning  the  head-gate 
stmckores,  bulkheads,  and  truning  walls,  which  are  to  be  sufficiently 
high  to  avoid  overtopping.  The  pomt  at  which  there  will  be  the 
greatest  concentration  of  overflow  over  the  dam  should  be  main- 
tained near  its  California  end.  The  large  diversion  of  water  at  that 
end  of  the  structure  will  aid  in  drawing  the  stream  in  this  direction. 

li  the  su^eation  to  modify  the  crest  of  the  dam  is  approved,  it  is 
proposed  to  depress  a  section  of  the  crest,  poeaiblj  800  feet  thereof, 
from  1  to  2  feet  below  the  general  level,  thereby  definitely  fixing  the 
point  of  greatest  water  concentration,  which  will  have  more  or  less 
effect  upon  the  course  on  which  most  of  the  drift  runs  and  may  assist 
in  keepmg  the  same  out  of  the  canal.  Furthermore,  during  hi^ 
stages  of  the  river,  when  due  to  the  flow  over  the  dam,  an  iaffiroased 
head  is  not  required,  such  a  depression  would  reduce  somewhat  ^ 
m^^miim  wftteT  eLev&tion  above  the  structure. 
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At  the  California  end  of  the  dam,  where  the  water  is  taken  into  the 
Yuma  CMial,  there  arelthree  laige  Stoney  gates,  closing  openings  33 
feet  4  inches  wide,  whose  sills  are  about  13  feet  lower  than  the  crest  of 
the  dam.  When  these  gates  are  raised,  water  from  above  the  dam, 
flowing  at  high  velocity,  cuts  out  the  sand  and  silt  which  have 
lodged  in  the  desilting  channel  at  whose  lower  end  the  gates  are 
located.  This  desilting  chaanel  is  separated  from  the  river  just  above 
the  dam  by  a  rock  fill  spur  or  teaming  waBL  On  the  land  side  of  tius 
channel  close  above  the  Stoney  gates  is  the  head  gate  of  the  Yuma 
project  canal.  This  is  a  simple  structure  with  35  openings,  each  7.5 
feet  in  the  dear,  between  concrete  piers  which  carry  a  concrete  foot- 
bridge from  which  the  flashboi^,  with  which  the  flow  of  water  is 
regulated,  can  readily  be  manipulated.  The  water  drops  mto  the 
canal  over  the  top  of  these  flashboards.  By  thus  admitting  water 
to  the  canal  from  the  surface  of  the  sluggish  stream  in  the  desilting 
(^aimel  much  leas  alt  is  taken  into  the  caiial  than  would  be  the  case  if 
tmderflow  gates  were  used.  Once  a  week  the  sluice  gates  are  opened 
and  the  sand  and  silt  which  has  been  deposited  m  the  desiltmg  channel 
is  washed  out,  passmg  through  the  gates  to  the  river  below  the  dam. 
While  no  precise  statement  can  be  made  of  the  amount  of  suspended 
material  which  is  taken  out  of  the  water  by  this  desilting  process,  it 
is  generally  estimated  by  representatives  of  the  United  States 
Reclamation  Service  to  average  about  50  per  cent.  In  addition  it  is 
to  be  noted  that  practically  none  of  the  bed  load  of  the  river  gets  into 
the  canaL  AH  of  this,  together  with  the  coarsest  portion  of  the  sus- 
pended load  as  above  shown,  is  k^t  out  of  the  canal  by  the  desilting 

operation.  •         •  i. 

At  the  present  stage  of  development  in  the  Yuma  project,  with 
about  45,000  acres  under  cultivation  and  with  a  maximum  canal  flow 
of  about  1,200  secx)nd-feet,  the  time  requned  per  week  to  free  the 
desflting  channel  <rf  depodts  is  three  to  four  hoturs.  During  this  time 
the  sluice  gates  are  open  and  the  diversion  of  water  mto  the  canal 
ceases.  This  is  of  no  inconvenience  to  the  irrigators,  who  readily 
adjust  their  requirements  to  such  a  schedule.  They  have  in  fact  thus 
far  adjusted  their  demands  to  a  shutdown  of  much  longer  duration 
than  requffed  for  sluicing.  The  caaal  is  being  operated  from  early 
Monday  morning  to  Saturday  evening.  Throughout  Sunday  the 
sluice  gates  are  open  and  the  canal  bed  is  drv . 

Under  a  full  development  of  the  Yuma  project  the  desiltuig  opera- 
tion will  have  to  be  extended  to  a  much  larger  flow  of  water.  The 
maximum  diversion  for  the  urigation  of  project  lands  wll  then  be 
about  1,600  second-feet  and,  on  the  assumption  that  there  should  be 
no  cooperation  with  Imperial  Valley,  there  would  have  to  be  added  to 
this  flow  about  4,000  seccaid-feet  to  be  used  at  some  point  near  Araz 
ior  the  generation  d  power.  The  power  would  be  necessary  to  lift  the 
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water  to  t  he  Yuma  mesa,  on  which  are  located  about  50,000  acres  of 
project  lauds.  The  desilting  clianiiel  would  tlien  be  conveying  from 
the  river  to  the  canal  about  five  times  as  much  water  as  heretofore, 
and  there  will  have  to  be  suitable  enhurgement  of  the  diverting  works 
and  more  frequent  operation  of  the  sluice  gates. 

Under  cooperation  with  Imperial  Valley  the  maximum  diversion, 
as  planned  for  the  all-American  canal,  will  reach  about  10,600  second- 
feet.  The  present  debiting  channel  has  not  been  dimensioned  either 
for  this  amount  of  water  nor  yet  for  that  ultimately  required  for  the 
Yuma  project  alone.  It  must  be  enlarged  and  extended.  But  the 
general  plan  of  operation  will  remain  the  same.  Periodically  the 
flluice  gates  will  be  opened  and  the  sand  which  has  been  deposited  in 
the  desilting  chamber  will  be  scoured  out. 

It  is  proposed  as  a  part  of  the  all-American  canal  work  to  allow 
space  for  a  fourth  Stoney  gate  inshore  from  those  now  in  use.  The 
desilting  basin  will  be  widened  and  extended  farther  upstream.  It 
will  be  confined  between  two  rock-fill  training  walls  which,  while 
gradually  spreading  apart,  will  curve  out  toward  the  river  so  as  to 
leave  a  Avide  open  mouth  for  the  inflow  of  the  canal  water. 

The  present  head  gate  will  be  replaced  by  a  new  structure  of  simihur 
type  having  a  length  of  about  1,374  feet.  The  upstream  portion  of 
this  head  gate  wiU  be  constructed  while  the  present  one  remams  in 
service,  and  later  the  upper  end  of  the  new  gate  wiU  be  put  into  use 
during  reconstruction  of  its  lower  end. 

Based  on  the  experience  thus  far  at  the  Laguna  Dam  it  is  estimated 
that  for  desilting  operations  an  amount  of  water  not  in  excess  of 
dght  hours  per  week  of  the  canal's  flow  will  be  required.  Whether 
the  desilting  operation  will  be  undertaken  once  a  week  or  more 
frequently  will  depend  not  alone  oh  the  rate  at  which  sand  ac- 
cumulates in  the  desilting  channel,  but  also  upon  the  effect  which 
the  resultmg  irregular  flow  in  the  canal  will  have  upon  the  develop- 
ment of  power  and  on  the  donands  of  the  irrigators. 

THE  CANAL  FBOM  LAGUNA  DAM  TO  THE  SIPHON  DROP. 

For  10.2  miles  from  Laguna  Dam  the  canal  will  eairy  10,600 
second-feet  of  water,  both  for  the  Yuma  project  and  the  Imperial 
Valley,  in  the  enlarged  Yuma  Canal.  At  the  lower  end  of  this  10-mile 
stretch  on  the  present  canal  is  a  structure  known  as  the  Siphon  Drop, 
through  which  the  Yuma  project  water  drops  about  10  feet  to  the 
lower  level  at  which  it  flows  across  the  submersible  river  lands  to 
the  bank  of  the  river  opposite  Yuma.  The  6-foot  superelevation  of 
the  canal  banks  wiU  be  audi  that  with  perfect  safety  the  ordmary 
water-surface  elevation  could  be  mcreased.  FurtheimOTe,  the  opera- 
tion of  the  system  will  probably  require  that  dredgee  be  k^t  in 
operation  at  certain  points  of  the  canal,  and  these  can  at  any  time, 
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when  the  necessity  thwefor  is  apparent,  be  used  to  enlarge  tlie  canal 
prism  and  increase  its  capacity.  The  canal  is  to  have  a  bed  width  of 
162  feet.  Its  side  slopes  are  planned  at  1  to  1^  on  the  land  side  and 
1  to  2  on  the  river  side.  When  flowing  full,  the  depth  of  water  will  be 
16  feet.  Its  gradient  will  be  0.000079,  or  a  Uttle  over  5  inclies  per 
mile.  It  has  been  so  dunensioned  that  when  flowing  at  capacity  the 
mean  velocity  will  be  about  3.5  feet  per  second  and  that  when  its 
flow  falls  to  "one-half  of  the  rated  capacity  the  vdomty  wffl  be  at 

least  2.5  feet  per  second. 

The  enlargement  of  the  Yuma  project  canal  from  its  present  dimen- 
sions is  to  be  accomplished  chiefly  by  raismg  the  water  surface  and 
excavating  in  the  bottom  and  on  the  land  side  of  the  present  canal 
and  placing  the  excavated  material  for  the  most  part  on  the  river 
side  of  the  camU.  A  high  broad  bank  of  earth  wfll  thus  be  provided 
<m  which  there  should  be  both  road  and  railroad  track. 

Within  about  l\  miles  downstream  from  the  Laguna  Dam  there 
will  be  three  Stoney  gates  placed  in  this  canal  embankment  which  are 
to  serve  as  sluice  gates  and  as  waste  gates  whenever  occasion  may 
arise.  They  will  discharge  back  into  the  river  and,  together  with  a 
similar  set  which  will  be  placed  near  Araz,  ^vill  not  alone  serve  their 
prime  purpose  as  sluice  gates  but  will  also  facilitate  the  dischaige  of 
storm  water  when  there  is  large  inflow  from  the  Mil  leguai. 

This  provision  for  handling  the  storm  water  is  suggested  by  the 
lai^e  reservoir  capacity  represented  by  the  17  miles  of  canal  from  the 
La^gim^  Dam  to  the  proposed  power  station  at  Pilot  Knob.  All 
along  this  portion  of  the  canal  the  Irft  or  river  bank  thereof  will  be  a 
high  embankment,  as  already  described.  Against  this  embankment 
water  could  rise  3  or  possibly  even  4  feet  above  the  ordinary  high- 
water  fine  without  serious  menace.  If  a  storm  should  occur  near 
the  head  of  the  cwial  witii  a  large  ddivery  of  water  into  the  canal, 
«uch  a  rise  might  turn  some  wat»  upstream,  bade  into  the  desilting 
ohannel  and  thence  into  Colorado  River. 

While  this  is  occurring,  preparation  would  be  made  at  all  the  slmce 
gates  to  open  the  same  when  necessary.  The  opening  of  those  at  the 
Laguna  Dam  would  stop  the  inflow  of  river  water  into  the  canal,  those 
near  the  11-mile  point  and  those  near  Araz  would  be  opened  to  re- 
lieve the  canal  of  storm  water. 

To  prevent  damage  to  the  canal  by  the  deposit  in  it  of  the  coarse 
material  which  a  cloudburst  may  sweep  along  in  the  beds  of  the  sand 
washes  which  thk  part  of  the  canal  crosses,  the  canal  wiU  be  closed 
where  feasible  agaii»t  these  by  meuas  of  substantial  embankm«its  or 
barriers  above  which  the  flood  occasioned  by  such  a  cloudburst  will 
be  pocketed.  Interconnection  will  be  provided  so  far  as  practicable 
from  one  sand  wash  to  the  next,  and  at  selected  points  the  barriers 
inll  be  provided  with  eoaerete  crests  and  protected  slopes  or  drops 
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to  the  canal,  so  that  when  the  basin  behind  them  is  f  uU  they  will 
discharge  over  the  barriers  into  the  cand.   In  this  way  a  immber  of 

pockets  will  be  provided  for  the  interception  of  sand,  gravel,  and 
cobbles  and  these  can  hereafter  be  increased  in  extent  by  addii^  to 
tibe  height  of  the  overfall  banieis. 

THE  CANAL  FROM  SIPHON  DBOP  TO  PILOT  KNOB. 

At  the  Siphon  Drop  the  water  from  the  Ymna  project  will  be 
dropped,  as  explained,  to  a  lower  level,  while  the  water  for  Imperial 
Valley  will  be  held  at  grade.  The  all-American  canal,  strictly  speak- 
ing, will  begin  at  this  point.  It  has  been  planned  at  a  capadty  of 
9,000  second-feet.  It  will  follow  rather  difficult  ground,  generally 
near  and  finally  well  in  among  the  outlying  hills  and  knolls  which  are 
features  of  the  higher  ground  between  a  number  of  sand  washes.  An 
agreement  will  be  necessary  with  the  Southern  Pacific  Co.,  in  order 
to  secure  pOTmissibn  to  encroach  on  its  right  of  way.  In  addition, 
a  bridge  will  have  to  be  provided  for  the  main  line  on  the  Southern 
Pacific  Railroad,  and  one  for  the  Inter-California  Raikoad.  In  this 
section,  too,  the  canal  is  to  have  a  freeboard  of  at  least  6  feet.  At 
the  lower  md  of  this  section  there  will  be  a  rock  cut,  or  tunnel, 
through  a  spur  of  Pilot  Knob.  Adjacent  to  and  either  above  or  be- 
low this  spur  the  Pilot  Knob  power  station  will  be  located.  At  a 
convenient  point  below  the  power-house  offtake  there  will  be  a  con- 
trolling gate  in  the  canal.  By  means  of  this  the  flow  in  the  canal  to 
the  westward  will  be  regulated.  Any  surplus  water  will  be  dis- 
charged eith«*  through  the  waste  gates  at  Araz  or  through  the  power- 
house offtake  canal  and  a  by-pass  which  is  here  to  be  provided. 

The  canal  throughout  this  section  is  to  have  a  bed  width  of  150 
feet,  a  depth  of  15  feet,  and  side  slopes  varying  from  1^  to  1  to  the 
flatter  slope  of  2  to  1,  the  slope  being  adjusted  to  the  varying  charac- 
ter of  the  material  to  be  excavated.  The  canal  gradient  will  range 
from  0.0000786  to  0.0000862.  In  this  section,  too,  when  the  canal  is 
flowing  at  capacity  the  mean  velocity  will  be  about  3.5  feet  per 
seoond. 

CANAL  LOCATION  AT  PILOT  KNOB  AND  THIWCE  WESTERLY. 

The  range  of  hills  which  parallels  Colorado  River  on  its  right  cr 
west  bank  in  California  terminates  at  Pilot  Knob,  which  lies  in  the 
extreme  southeasterly  corner  of  Cahfornia.  While  not  very  high  nor 
of  large  surface  extent,  Pilot  Knob  is  nevertheless  a  conspicuous 
topographic  feature.  This  is  due  in  a  measisra  to  its  isolation.  It  is 
separated  from  the  chain  of  hills  and  mountains  to  the  north  by  a 
somewhat  broken  section  of  the  mesa  which  forms  the  flat  eastern 
slope  of  Imperial  Valley  extending  from  the  base  of  this  mountain 
range  to  the  lower-lying  Imperial  Vi^ley  lands. 
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Pilot  Knob  is  surrounded  by  this  mesa  formation  on  three  sides— 
to  thftirtrth,  to  the  west,  and  to  the  south.  On  its  remaining  easterly 
side,  its  base  has  at  tiines  been  mahad  by  the  watere  oi  tibe  Colorado 
River,  and  a  spur  of  the  mountain  has  been  cut  away  to  provi^ 
suitable  foundation  for  the  Hanlon  gate  with  which,  since  1906,  the 
flow  of  water  into  the  Imperial  Canal  has  been  controlled.  South- 
waid  from  Pilot  Knob  the  mesa  formation  is  much  broken  up  by 
washes  which  have  been  cut  deep  and  wide  to  a&  oulfaU  upon  tho 
lower  delta  land  of  the  river.  The  mesa  elevation  around  the  base  of 
Pilot  Knob  is  generally  at  or  above  200  feet  in  elevation.  The  bot- 
toms of  the  sand  washes  on  the  proposed  canal  fine  are  generally  at 
about  130  to  140  feet  in  elevation.  Between  them  the  remnants  of 
tiie  mesa,  in  long  narrow  ridges,  midx  tGpa  mam  or  lees  tooken,  eztrad 
off  toward  the  south  into  Mexico.  The  boundary  line  w  just  far 
enough  south  of  Pilot  Knob  to  leave  space  for  a  canal  which,  at  the 
elevation  attainable  under  use  of  Laguna  Dam  as  the  point  of  diver- 
sion, wi31  cut  through  these  mesa  ridges  and  cross  the  intervening 
washes,  with  water  grade  practically  at  or  slightly  below  the  surface 
of  the  sand  in  the  larger  washes.  At  a  point  a  Uttle  less  then  2  miles 
from  Hanlon's  the  canal  will  be  out  of  this  broken  ground  and  the 
deep  cut  into  the  mesa  wiU  be  continuous  and  uniform  for  about  a 
mile  and  a  quarter  to  the  easterly  edge  of  the  sand  hills. 

Entering  the  sand  area  the  course  of  the  eaoal  for  imother  mile  and 
a  quarter  will  continue  parallel  with  the  boundary,  being  here  located 
across  an  area  over  which  low  dunes  are  drifting.  These  dunes  are 
inegularly  distributed.  Any  course  through  them  is  as  good  as  any 
olto  eourse.  Th»e  was,  th«ra£ore,  no  object  in  departing  from  a 
direct  oonise  westerly.  But  a  continuation  of  tibk  course  would  send 
the  canal  through  a  broad  area  of  high  sand  ridges.  It  was  found 
that  by  deflecting  the  course  of  the  canal  toward  the  northwest  it 
could  be  kept  for  a  mile  in  a  location  on  which  the  surface  of  the  sand 
was  but  little  above  the  surf  ace  of  the  mesa  and  that  one  of  the  main 
sand  ridges  could  then  be  pierced  in  a  eut  only  a  little  over  tone-half 
mile  in  length  westerly  to  a  long  narrow  bare  stretch  of  mesa  surface 
which  has  been  designated  on  the  maps  as  Government  Gap.  The 
adopted  canal  locatitm  will  follow  this  gap  for  li  miles  to  its  westerly 
extremi^.  For  three^omrths  of  a  nule  thence^  still  on  a  wmtexlj 
course,  the  canal  will  cut  through  a  mass  of  sand  with  a  number  of 
summits  at  elevations  approximately  50  feet  above  the  surface  of 
the  mesa.  It  is  on  this  stretch  of  canal  that  the  drifting  sand  is  most 
likely  to  prove  troublesome. 

Upcm  leavh^  this  three-quarter  mile  stretch  the  canal  will  be  cut 
for  about  one-half  mile  through  the  westernmost  ridge  of  sand,  which 
crests  on  the  canal  line  about  80  feet  above  the  surface  of  the  mesa 
and  about  105  feet  above  the  water  surface  of  the  canal. 
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On  the  entire  canal  steeteh  of  about  10.6  miles  tiirougiithe  sand- 
hill area,  the  canal  will  have  to  be  cut  deep  into  the  meea  lormation. 

This  mesa  formation  underlies  the  sand  everywhere.  Its  surface  is 
smooth,  with  definite  moderate  slope  from  noriheast  to  southwest. 
The  etmsA,  where  it  leaves  tlie  sand-hill  area  a  few  hundred  yards  to 
the  northward  of  the  watering  station  at  the  west  «nd  ^  the  plank 
road,  will  be  in  a  cut  about  40  feet  m  depth.  Its  water  surface  wiU 
be  25  feet  below  the  surface  of  the  mesa.  Its  course  will  be  slightly 
south  (rf  west  from  this  point,  with  gradual  approach  to  the  inter- 
national boundary. 

As  an  alternative  proposition,  consideration  has  been  pven  to  a 
canal  through  the  sand-hill  area  of  smaller  cross  section,  with  higher 
velocity  and  with  bottom  and  sides  lined  with  concrete.  The  disad- 
vantage of  this  alternative  lies  in  the  fact  that  the  ultimate  area  to 
be  irrigated  by  the  «anftl  must  be  tdt«i  into  a«eount  at  the  time  of 
construction,  because  when  once  constructed  there  can  not  wdl  be 
any  enlargement  of  a  concrete-lined  canal  which  must  be  kept  in 
operation  without  interruption  of  service.  The  advantage  of  the 
hned  canal  lies  raatnly  in  the  high  velocity  at  which  the  water  will 
be  carried,  thereby  makmg  sure  that  any  sand  and  alt  which  gets 
into  the  canal  will  lodge  elsewhere  than  in  that  portion  of  the  canal 
in  the  sand-hill  area,  where  the  canal  is  deepest  in  the  ground  and 
where  the  removal  of  the  sand  would  therefore  be  more  difficult 
than  from  ofh.er  portiions  of  the  canal. 

A  lined  canal  would  be  only  about  70  feet  wide  on  the  bottom,  its 
gradient  would  be  about  0.00017,  the  velocity  when  flowing  full 
would  be  about  6  feet  per  second,  and  its  bottom  would  be  from 
nothing  to  6  feet  lower  than  that  of  an  unlined  canal.  Less  excava- 
tion by  about  6,000,000  cubic  yards  would  be  required  in  its  con- 
struction, but  the  saving  in  cost  from  this  reduction  m  yardage  would 
be  about  offset  by  the  cost  of  the  concrete  lining. 

For  further  information  on  this  subject  reference  should  be  had  to 
the  report  of  Mr.  Preston,  the  engineer  in  charge  of  surveys. 

At  about  6  miles  to  the  westward  U  the  sand  hilla  the  canal  will 
be  out  of  deep  cut  and  a  proposed  mesa  canal  can  tiiOTe  be  supplied 
with  water.  At  this  point  it  is  proposed  to  turn  out  for  use  on  the 
mesa  and  lands  to  the  northward  3,000  second-feet  of  the  canal 
flow.  The  remainder,  or  about  6,000  second-feet,  will  be  dropped 
24  feet  through  a  near-by  power  house  at  mesa  power  station  No.  1, 

located  about  4  miles  west. 

About  3  miles  westerly  from  this  power  station  a  low-level  mesa 
canal,  with  a  capacity  of  500  second-feet,  will  be  taken  off  and  the 
remahiing  5,500  second-feet  wiU  be  hdd  avaikWe  for  use  in  Imperial 
Inigation  District  and  on  tiie  wesfc«de  lands. 
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On  this  canal  stretch,  at  about  5  nules  westerly  from  the  mesa 
power  station  No.  1,  there  will  be  a  second  power  station.  A  fall 
of  47  feet  can  here  be  made  available. 

Beyond  ibis  point  the  construction  of  the  cajial  offers  no  difiieiiltieSy 
bnt  there  will  be  several  es^>ensive  structures  required  to  carry  the 
water  across  the  deep  Alamo  and  New  River  barrancas  and  to  pro- 
vide for  the  wastage  of  surplus  waters. 

At  Calaadco  the  canal  will  be  located  1  mile  to  the  northward  of 
the  boundary  line.  It  can  be  h^d  at  an  elevation  sufficient  to  reacb 
flie  west-side  canal  at  a  point  about  one-half  mile  northward  from 
the  international  boundary.  A  few  thousand  acres  of  ground  along 
the  boundary  line  on  the  west  side  will  be  too  high  to  be  commanded 
by  gravity  flow*  For  the  inigation  ckC  these  lands  a  pum^ng  j^ant 
will  be  required. 

The  location  of  the  canal  is  shown  on  Exhibit  A,  which  accompanies 
Mr.  Preston's  report.  On  this  sheet  the  locations  of  the  various  struc- 
tures and  the  points  at  which  the  canal  systems  of  Imperial  Irrigation 
District  are  to  be  supplied  with  water  from  the  canal  are  indicated. 
Thirty-seven  maps  on  a  scale  of  400  feet  to  the  inch  have  been  pre- 
pared to  show  the  topography  along  the  route  of  the  canal,  but  are  too 
bulky  for  attachment  hereto.  One  set  will  at  once  be  furnished  to 
the  district  and  two  sets  to  the  Secretaxj  of  the  Interior.  More  can 
at  any  time  be  made  available. 

COMPLETION  OF  SURVEY. 

After  submission  of  a  preliminary  report  by  this  board  under  date 
of  December  12,  1918,  the  studies  in  progress  relating  to  character 
of  material  to  be  excavated  and  quantities  to  be  handled  were  con*- 
tinned  by  Mr.  Preston.  The  results  of  these  studies  have  been  sub- 
mitted by  him  in  a  final  report  under  date  of  Jime  17,  1919.  He 
presents  in  this  a  revised  estimate  of  quantities  and  cost,  and  presents 
the  ascertained  facts  relating  to  the  stratification  and  classification 
of  the  material  disclosed  by  test  pits  and  borings.  Mr.  Preston  dis- 
cusses m  this  final  report  the  possible  alternative  of  reducing  the 
cross  section  of  the  canal  where  it  is  in  deep  cut  on  the  mesa,  by  lining 
with  concrete  and  increasing  velocity,  and  he  gives  fuller  information 
relating  to  the  movement  of  the  suid  dunes  which  the  canal  crosses. 

POWER  DEVELOPMENT. 

As  already  pointed  out,  there  will  be  opportunity  for  the  develop- 
ment of  power  at  two  points  on  the  ail-American  canal.  At  the 
first,  or  at  pow^  station  No.  1,  there  will  be  a  drop  of  24  feet  to  be 
utilized  on  the  canal  branch  which  is  to  serve  the  lands  in  Imperial 
Irrigation  District  and  which  will  carry,  in  addition,  about  500  second- 
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leet  of  Ufater  for  a  low-level  mesa  canal.  The  installation  at  this 
point  should  be  for  the  utilization  of  6,000  second-feet  of  water  in 
which,  the  lands  outside  of  Imperial  Irrigation  District  will  have  a 
small  interest.  At  power  station  No.  2  the  water  intended  for  Im- 
perial Irrigation  District,  or  5,500  second-feet,  can  be  dropped  47 
feet.  The  total  water  power,  when  the  canals  are  flowing  at  capacity 
at  these  two  stations,  would  be  nearly  50,000  horsepower,  of  which, 
with  suitable  machinery,  the  peak  utilization  would  be  a  little  more 
than  one-half,  or  about  25,000  horsepower,  for  the  development  of 
which  suitable  machinery  should  be  installed. 

The  United  States  Reclamation  Service  proposes  that  some  tune 
provision  shall  be  made  for  the  development  of  power  with  the  water 
of  the  Yuma  project  at  the  siphon  drop.  The  utilizable  fall  at  this 
point  will  be  only  10  to  12  feet  and  the  maximum  flow  in  the  Yuma 
Canal  will  be  oidy  about  1,600  second-feet.  The  amount  of  power 
here  obtamable  is  not,  therefore,  lai^. 

When  the  Yuma  mesa  is  thrown  open  to  settlonent,  water  in  large 
quantity  must  be  pumped  to  an  elevation  of  56  to  80  feet  above  that 
of  the  project's  lower  canal  system.  Much  more  power  will  then  be 
required  than  could  be  made  available  at  the  siphon  drop.  This 
power,  if  the  Yuma  project  were  developed  independently  without 
consideration  of  the  requhrements  of  the  Imperial  Valley,  would  be 
obtamed,  according  to  the  tentative  plans  of  the  Reclamation  Service, 
from  a  power  station  located  at  some  convenient  point  near  Araz. 
The  water  for  power  would  be  carried  from  the  siphon  drop  on  sub- 
stantially the  line  which  has  been  selected  for  an  all-American  canal 
to  or  beyond  Araz,  where  it  would  pass  through  a  power  station  with 
discharge  either  back  mto  Colorado  River  or,  under  suitable  agree- 
ment with  Imperial  Irrigation  District,  mto  the  head  of  the  Imperial 
Canal.  The  latter  arrangement  would  be  of  advantage  to  the  district 
because  it  would  thereby  be  assured  a  supply  of  desilted  water  from 
the  Laguna  Dam.  It  would  be  of  advantage  to  the  Yuma  project 
because  there  is  less  fluctuation  of  the  water  surface  of  the  canal  below 
its  controlling  gates  than  there  is  m  the  river.  The  power  output 
would  be  laiger  at  the  summer  high  stages  when  the  irrigation  demand 
is  at  a  maximum  and  when  the  most  power  wiU  be  needed,  because 
the  water  m  the  canal  is  then  considerably  lower  than  the  water  in 
the  river. 

Under  construction  of  an  all-American  canal  before  the  Yuma 
project  power  canal  is  constructed,  some  plan  of  procedure  should  be 
agreed  upon  by  which  the  Yuma  project  wiU  be  assured  the  power 
which  it  needs  at  no  greater  cost  than  that  at  which  it  could  be 
obtained  without  cooperation. 

It  is  possible,  for  example,  that  the  first  step  toward  an  all-American 
or  high-line  canal  into  Impwial  VaUey  will  be  the  upstream  extension 
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of  Imperial  Canal  to  the  Laguna  Dam.  Such  a  canal  extension, 
barring  accidents,  which  are  only  a  remote  contingency,  would  be 
useful  m  assurmg  to  the  Impwial  Irrigation  District  an  adequate 
supply  of  desUted  water  so  long  as  there  is  a  full  supply  of  water  m 
the  river.  As  an  upper  section  of  an  all-American  canal  it  would 
be  m  use  for  several  years  during  which  the  canal  westerly  from  Pilot 
Knob  is  under  construction,  and  during  that  time  its  water  would  be 
available  and  would  in  part  be  reqmred  to  develop  power  whiA  is 
required  on  the  construction  work. 

This  canal  extension  may  be  made  either  before  or  after  the  1  uma 
project  power  development  is  ready  for  execution.  Or,  it  is  possible 
that  it  will  not  be  made  until  aftOT  the  Yuma  power  canal  is  in  use. 
This  latter  contmgency  is,  however,  so  hnprobable  that  it  will  be 
be  given  no  special  consideration  at  this  time. 

When  the  all-American  canal  is  completed  its  water  will  be  carried 
westerly  from  Pilot  Knob  on  as  high  a  grade  line  as  possible,  and  there 
will  be  no  fall  in  this  canal  available  for  pow«r  at  Pilot  Knob. 

The  power  station  at  Pilot  Knob  may  be  regarded  as  a  temporazy 
station  to  be  used  until  the  canal  is  completed.  It  will  furnish  the 
power  required  during  canal  construction.  Its  machmery  may  m 
whole  or  m  part  be  later  transferred  to  the  mesa  power  station  No.  X, 
where  the  available  fall  is  practically  the  same  as  that  whi«^  can  be 
made  available  at  Pilot  Knob. 

The  Pilot  Knob  power  station  wiU  be  located  near  Pilot  Knob  at  a 
point  from  which  a  tailrace  can  conveniently  be  connected  with  the 
present  Imperial  Canal  below  the  Rockwood  gate.  In  the  canal,  a 
short  distance  below  the  power  offtake,  there  will  be  a  set  of  regulating 
gates  of  the  Stoney  type  and  provision  will  be  made  for  by-passu^  • 
any  water  not  required  for  power  to  the  Imperial  Canal,  so  that  this 
canal  maybe  fully  supphed  with  water  even  when  the  water  is  not 
needed  on  the  turbines  of  the  power  house.  Any  surplus  water  in  the 
canal  in  excess  of  the  power  house  and  Imperial  Canal  requii«mMitB 
win  be  discharged  through  the  waste  gates  located  near  Araz. 

At  the  Pilot  Knob  power  station  there  will  be  made  available  for 
power  development,  upon  completion  of  the  canal  down  to  this  pomt, 
the  full  head  of  water  required  by  the  Imperial  Canal,  or  hi  round 
numbers  about  6,000  to  7,000  second-feet.  It  is  proposed  to  make 
the  first  installation  of  turbines  adequate  to  use  up  to  3,000  second-feet 
<rf  this  canal  flow.  It  is  estimated  that  tliis  will  make  about  9,000 
water  horsepower  available  for  use  in  generating  electricity  whenever 
the  flow  in  the  canal  is  hi  excess  of  3,000  second-feet.  This  should 
make  in  excess  of  5,000  horsepower  available  for  transmission  by 
electricity  to  places  of  use  and  not  less  than  about  4,000  horsepower 
when  the  demand  for  water  by  Imperial  Irrigation  District  is  at  a 
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mimmnin.  Space  will  be  provided  for  additional  machinery  so  that 
power  to  1^6  limit  of  the  watw  supply  can  be  developed  if  required. 

It  is  proposed,  too,  to  provide  space  at  this  point  for  an  auxiliary  gas 
or  steam  plant  for  use  in  an  emergency,  so  that  if  the  output  of  electric 
energy  should  fail^  there  will  still  be  means  at  hand  to  generate  the 
power  needed  for  operating  canal  gates. 

At  both  points  selected  for  the  generation  of  powier  on  t^e  mesa 
there  will  be  offtakes  from  the  canal  through  which  the  canal  water 
can  be  sent  to  the  power  houses.  There  will  also  at  each  of  these 
points  be  a  set  of  regulating  gates  across  the  canal,  of  suitable  type 
in  combination  with  a  drop  to  the  tailrace  level.  The  installation  for 
power  development  will  provide  for  the  utilization  of  a  maximum  of 
about  16,400  water  horsepower  at  the  mesa  ])()wer  station  No.  1  and 
for  29,400  water  horsepower  at  the  mesa  power  station  No.  2.  The 
power  that  will  thereby  be  made  available  for  dehvery  as  electric 
energy  will  vary  with  the  flow  of  the  canal  up  to  a  maximum  of  10,000 
horsepow^  at  the  first  and  about  17,500  horsepower  at  the  second 
station. 

Whatever  of  this  power  may  be  required  in  connection  with  the 
pumping  of  water  to  the  Yuma  mesa  and  for  canal  operation  or  drain- 
age pumps  in  both  the  Yuma  and  Imperial  YaUeys,  should  be  held 
available  for  these  purposes.  The  remainder  should  be  marketed  for 
the  joint  advantage  of  the  Yuma  project  and  the  Imperial  Irrigation 
District,  provided,  of  course,  that  the  Yuma  project,  or  the  United 
States  for  this  project,  has  contributed  to  the  cost  oi  the  power  instat- 
lations.  In  any  event  under  joint  development  the  power  required  by 
the  Yuma  project  and  by  the  Imperial  Irrigation  District  should  be 
paid  for  at  cost  plus  a  reasonable  percentao;e,  preferably  10  per  cent, 
and  the  determination  of  cost  should  be  made  by  the  Secretary  of  the 
Interior*  The  appcKrtionment  of  cost  and  the  division  of  profits  should 
be  made  substantially  as  set  forth  in  this  report.  This  board  approves 
the  general  intent  of  the  agreement  already  entered  into  between  the 
United  States  and  the  Imperial  Irrigation  District  (see  Appendix,  p. 
67),  under  which  both  cost  of  construction  of  power  plants  and  the 
resultii^  beiiiefits  are  to  be  shared  and  under  which  there  will  be  re- 
served to  the  Yuma  project ^  upon  suitable  participation  in  the  cost 
of  construction,  a  pro])ortional  share  of  profits  determined  by  the 
relation  which  8,500  water  horsepower  bears  to  the  total  water  horse- 
power for  which  a  power  plant  is  installed. 

DISTRIBUTION  OF  COST  AND  OF  RETURNS  FROM  POWER  SALES. 

This  board  has  given  consideration  to  the  question  of  how  the  cost 
of  alterations  at  Laguna  Dam,  of  canal  enlargement  and  canal  exten- 
sion, is  to  be  distributed  to  power  and  irrigation,  and  it  here  presents 
also  its  conclusions  relating  to  the  apportionment  of  power  and  profits 
from  power  sales  to  ^e  Yuma  project  and  to  the  Impraial  Valley. 


51 


The  distribution  of  the  coat  of  the  canal  work  to  power  and  to 
irrigation  and  the  apportionment  of  the  power  cost  thereupon  to  the 

Yuma  project  and  the  participating  interest  of  the  Imperial  Valley 
presents  peculiar  difficulties.  But  if  the  broad  principle  be  adopted 
of  sharing  the  profits  on  the  basis  of  capital  invested  by  each  party 
and  the  apportionment  ci  cost  is  made  on  any  f aidy  approximate  but 
definite  basis,  full  justice  will  be  done  to  each. 

The  ultimate  condition  may,  therefore,  be  taken  into  account  to 
determine  the  apportionment  of  construction  cost  and  of  jH  ofits  from 
power  sales,  regaa*dless  of  what  might  otherwise  be  agreed  upon  for 
temporary  or  incomplete  power  installations,  if  it  should  then  hap- 
pen that  either  the  Yuma  project  or  the  Imperial  Valley  fails  to  make 
actual  contribution  at  the  proper  time  of  the  full  expected  amount, 
then,  temporarily,  the  other  party,  having  contributed  a  larger  share 
of  capital^  would,  until  this  disproportion  is  adjusted,  be  entitled  to  a 
correspondingly  larger  share  of  profit. 

The  plans  of  the  United  States  Reclamation  Service  for  the  Yuma 
project  inchide  a  power  development  proposition.  The  Yuma 
Canal  is  to  be  enlarged  to  carry  4,000  second-feet  in  exct  ss  of  the 
water  required  for  irrigation,  and  this  water  is  to  be  carried  by  canal 
a  distance  of  about  5  miles  beyond  the  siphon  drop  to  some  con- 
venient point,  as  already  stated,  near  Araz,  a  mile  above  Pildt  Kiiob, 
where  it  would  be  dropped  through  a  power  house  back  into  the 
river.  It  is  expected  that  the  fall  which  can  there  be  made  available 
at  the  he^ht  of  the  irrigating  season  would  be  about  23  feet.  The 
board  is  informed  that  at  such  a  power  house  to  meet  the  require- 
ments of  the  Yuma  project  alone  there  would  have  to  be  installed 
a  plant  for  the  utilization  of  about  8,500  water  horsepower.  These 
amounts  of  water  and  of  gross  water  power  may  be  accepted  as 
representing  the  limit  of  the  Yuma  project's  participation  in  any 
power  development  that  may  be  found  feasible  on  the  all-American 
canal. 

If  there  were  no  cooperation  between  the  Yuma  project  and  the 
Imperial  Valley,  the  former  would  at  the  proper  time  have  to  make 
alterations  at  the  Laguna  Dam  and  to  convey  at  its  own  expense 
about  4,000  second-feet  of  water  to  the  vicinity  of  Araz,  as  above 
explained.  A  like  expenditure  would  be  incurred  by  the  Imperial 
Vfldley  if  it  should  proceed  imaided  on  its  own  account  to  make  this 
amount  of  water  diverted  at  Laguna  Dam  available  at  the  same 
place  for  an  all-American  canal.  In  both  cases  the  water  would 
have  been  subjected  to  similar  treatment  in  the  matter  of  silt  re- 
moval. In  the  one  case  it  would  be  available  for  power,  in  the 
otiier,  after  the  completion  of  the  high-line  canal,  for  irrigation, 
without  any  drop  near  Pilot  Knob*  During  the  tinw,  howB^^r,  that 
water  is  dropped  into  the  present  Imperial  Canal  the  water  used 
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for  power  would  also  be  available  for  irrigation.  The  fact,  then, 
that  the  water  can  be  had  for  either  of  the  two  purposes  at  Pilot 
Knob  and  that  plam  are  on  foot  for  its  independent  use  for  each 
purpose  warrants  the  assumption,  for  cost  distribution  purposes, 
that  the  water  has  equal  value  for  each  use.  A  distribution  of  the 
cost  of  canal  construction  in  equal  amounts  to  each  use  would  prob- 
ably be  as  fair  as  cost  distribution  on  any  other  basis.  The  cost, 
tlierefore,  of  bringing  to  Araz  so  much  water  as  is  used  for  power 
at  Pilot  Enob  may  be  chai^d  in  equal  amounts  to  power  and  to 
irrigation. 

Furthermore,  if  on  such  a  basis  the  Yuma  project  pays  for  an 
interest  in  the  contemplated  canal  enlargement  and  canal  extension, 
this  interest  ,and  proportional  share  in  the  power  output  should  be 
maintained  even  though  the  power  house  at  Pilot  Ehob  were  aban- 
doned and  all  the  water  were  used  elsewhere  on  the  line  of  the  all- 
American  canal  for  power. 

If  there  is  cooperation  between  the  Yuma  project  and  the  Imperial 
Y^ey  interests,  then  any  water  lorought  into  the  vicinity  of  Pilot 
Knob  for  power  should  be  dropped  into  the  Imperial  Canal  md  not 
into  the  river.  The  total  fall  which  in  such  event  can  be  made 
available  is  about  30  feet.  The  irrigation  demand  is  likely  to  reach 
7,000  second-feet  at  the  head  of  the  Imperial  Canal  before  the  all- 
American  canal  is  completed.  If  the  canal  were  to  be  constructed 
without  cooperation  between  the  Imperial  Irrigation  District  and 
the  Yuma  project,  there  would  be  no  cost  apportionment.  If,  how- 
ever, the  Yuma  project  participates,  as  contemplated,  in  the  canal 
extension  and  power*^plant  installation  th^  the  power  installation 
at  the  Pilot  EoQob  station  should  be  adequate  to  meet  not  alone  the 
canal  construction  requirements  but  also  all  possible  immediate 
needs  of  both  Yuma  project  and  of  the  distrit^t. 

While  it  appears  reasonable  to  use  the  above  facts  as  a  means  of 
determining  how  much  of  the  cost  of  canal  enlargement  and  extension 
should  be  charged  to  the  Tuma  project  for  an  interrat  in  power 
wherever  developed,  they  do  not  afford  an  entirely  satisfactory  basis 
for  determining  how  much  of  the  cost  of  the  full  length  of  canal  to 
the  mesa  should  be  charged  to  power.  Where  construction  is  made 
more  expensive  than  it  would  be  if  the  development  of  power  were 
ignored,  it  would  be  proper  to  chaige  the  increase  in  cost  to  power. 

The  need  of  water  in  large  quantity  at  Araz  by  the  Yuma  project 
for  power  and  by  the  Imperial  Irrigation  District  to  and  beyond 
Araz  for  irrigation,  each  party  being  ready  to  construct  canab  inde- 
pendentfy,  has  led  to  an  agreement  (dated  Oct,  23,  1918;  see  Ap- 
pendix) relating  to  the  division  of  the  cost  of  a  canal  down  to  Anws 
when  such  canal  is  used  johitly  by  the  district  and  Yuma  project. 
It  is  believed  that  in  view  of  this  agreement,  which  was  entered  into 
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between  the  Secretary  of  the  Interior  and  the  board  of  directors  of 

the  Imperial  Irrigation  District,  and  imder  which  the  Yuma  project 
will  pay  for  a  half  interest  in  4,000  second-feet  of  canal  capacity  to 
Araz,  a  similar  basis  should  be  adopted  for  ascertainiog  what  part 
of  the  canal  constraction  cost  should  be  charged  to  any  amount  of 
water  used  for  power  at  any  point  on  the  canal,  where  a  fall  equal 
to  or  in  excess  of  that  originally  proposed  by  the  United  States 
Reclamation  Service  at  Araz  (23  feet)  can  be  made  available.  There 
would  thus  be  a  distribution  of  the  cost  of  the  canal  to  irrigation 
and  to  power  down  to  Araz.  All  canal  construction  costs  below 
Araz  would  be  chaiged  to  irrigation.  Of  the  capacity  of  9,000 
second-feet  for  which  the  all-American  canal  has  been  planned, 
6,000  second-feet  will  be  used  for  power  at  mesa  power  station  No.  1, 
dropping  there  24  feet.  Following  the  plan  laid  do^vn  in  the  agree- 
ment, power  development,  when  tiba  powder  plant  is  established  at 
mesa  power  station  No.  1  or  at  mesa  power  station  No.  2  (with  a  fall 
of  47  feet),  or  at  both  of  these,  should  be  charged  with  that  part  of 
the  canal  cost  down  to  Araz,  determined  by  the  ratio  that  one-half 
of  6j000  second-feet,  or  3,000  second-feet,  bears  to  the  total  capacity 
to  be  provided  for  Imperial  Valley  between  the  Lagnna  Dam  and  Ara^, 
or  9,000  second-»feet.  This  would  make  one-third  part  of  cost  of 
construction  down  to  Araz  chargeable  to  power. 

This  relation  is  of  importance  only  in  determining  the  amount  of 
the  constnietion  cost  which  is  to  be  charged  to  power  and  in  comput- 
ing the  item  of  interest  on  the  investeient  when  determining  <^ 
I  operating  expenses  of  Hie  power  plants. 

Yuma  project  is  expected,  as  above  stated,  to  require,  ultimately, 
for  power  purposes  at  Araz  4,000  second-feet  of  water.  It  is  also 
expected  to  install,  if  operating  alone,  a  power  plant  at  which  the 
installation  will  be  for  8,500  water  horsepower.  On  the  assumption 
that  the  distribution  of  canal  construction  costs  down  to  Araz  should 
be  in  the  equal  parts,  for  like  canal  capacities,  as  above  explained 
to  power  and  to  irrigation,  the  charge  to  Yuxjia  project  for  an  interest 
in  the  canal  should  be  as  follows: 

If  the  canal  below  siphon  drop  is  constructed  at  a  capacity  of  6,000 
second-feet,  Yuma  project  should  contribute  one  third  of  its  cost 
down  to  Araz  and  would  obtain  the  right  to  participate  in  any  power 
output  in  the  ratio  of  8,500  water  horsepower  to  the  total  water 
horsepower  for  the  utilisation  of  which  an  installati<m  is  made.  The 
participation  would,  however,  obligate  the  Yuma  project  to  cimtrib- 
nte  to  the  cost  of  the  power  plant  installation  in  an  amoimt  deter- 
mined by  this  ratio  and  the  same  ratio  would  also  determine  the 
share  of  the  Yuma  project  in  any  profits  that  result  from  the  sale 
of  power. 
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If  the  canal  below  the  siphon  drop  is  constructed  at  a  capacity  of 
9|000  second-feet;  Yuma  project,  again  following  the  provisions  of 
the  agreement  of  October  23,  1918,  should  contribute  two-ninths  ci 
its  cost  down  to  Araz.  In  that  event  the  contribution  of  Yuma 
project  to  the  cost  of  a  power  plant  at  or  near  Pilot  Kjiob  should 
again  be  determined  by  the  ratio  that  8,500  water  horsepower  bears 
to  the  total  amount  <^  water  hotmpcma  for  wMch  the  plant  is 
planned. 

Should  the  power  plant  near  Pilot  Knob  be  abandoned  in  whole 
or  in  part  and  the  utilization  of  the  canal  flow  for  power  be  trans- 
ferred to  the  proposed  mesa  power  stations,  the  same  interest  in  the 
power  should  be  reserved  to  the  Yuma  project  as  if  the  pcmeat 
plant  were  at  or  near  Pilot  Knob.  The  Yuma  project  should  not, 
in  that  event,  be  required  to  duplicate  its  investment  in  a  power 
plant.  The  cost  of  the  transfer  of  any  plant  already  established 
should  fall  entirely  upon  the  Imperial  Valley  lands.  But  if  the 
Yuma  project  has  not  contributed  anything  towiird  the  cost  of  a 
plant  at  or  near  Pik>t  Knob,  then,  in  order  to  effect  the  utilization 
of  4,000  second-feet  of  water  for  power  and  to  participate  in  the 
profits  from  the  sale  of  power,  the  Yuma  project  should  contribute 
the  same  portion  of  the  cost  of  the  power  plant  at  the  mesa  power 
stations  as  it  would  have  contributed  under  participation  in  power 
development  near  I^ot  Knob,  and  should  be  allowed  tb  participate 
in  the  profits  from  the  power  output  of  these  stations  to  a  like  extent. 
The  cost  of  transmitting  power  for  the  Yuma  project  back  to  Pilot 
Knob,  or  to  any  other  point  that  may  be  mutually  satisfactory, 
should  f  idl  entirely  upon  the  Imperial  Valley  both  in  the  matter  of 
first  cost  and  operating  and  maintenance  costs.  The  Yuma  proj- 
ect would  thus  maintain  any  already  established  interest  in  the 
power  wherever  developed. 

The  participation  of  Imperial  Valley  interests  outside  of  Imperial 
Irrigation  District,  as  for  example  l^e  east  mesa  area  in  an  all-Amm*- 
can  canal  project  and  in  ^e  power  therefrom,  should  be  on  the  fol- 
lowing basis : 

Imperial  Irrigation  District  will  be  permitted,  as  set  forth  in  the 
agreement  approved  by  the  Secretary  of  the  Interior  bearing  date, 
October  23,  1918,  to  enjoy  the  benefits  of  a  diversion  at  the  Laguna 
Dam  on  condition  that  it  pay  to  the  United  wStates  in  installments, 
without  interest,  $1,600,000  (which  is  about  four-fifths  of  the  cost 
of  the  structure).  If,  now,  a  liurger  area  is  to  be  served  with  water 
diverted  at  the  dam  than  approximately  516,000  acres  of  net  irri- 
gable lands  in  the  district,  then  the  larger  area  should  assume  a  pro- 
portionally larger  part  of  the  cost  of  the  dam.  The  total  net  area 
of  irrigable  land  in  the  Imperial  Valley  for  which  the  all-American 
caaal  k  plaimed,  900,000  acres,  ahould  bear  in  round  numbers  about 
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nine-tenths  of  $2,100,856,  the  cost  of  Laguna  Dam,  or  $1,900,000. 
This  obligation  would  then  be  subject  to  apportionment  on  the 
basis  of  acreage  within  and  outside  of  the  district. 

The  lands  in  Imperial  and  Goachella  Valleys  outside  of  Imperial 
Irrigation  District  would  have  only  a  small  interest  in  power  because 
only  the  water  of  the  lower  mesa  canal  (500  second-feet)  would  be 
aviUlable  for  power  at  mesa  power  station  No.  1.  These  lands  should 
be  ehaiged  with  cme-tweKth  of  the  cost  of  making  the  power  instal- 
lation at  mesa  power  staticm  No*  1  this  being  the  ratio  of  500  second- 
feet  to  the  ftill  capacity  of  flow  for  the  utilization  of  which  the  pio^wer 
installation  is  there  to  be  made. 

Power  wherever  developed  should  be  made  available  to  both  the 
Yuma  project  and  the  Imperial  Valley  for  pumping  water,  for  irriga^ 
tion,  or  drainage  and  for  otiuer  canal  operation  and  nMintenaace 
requirements,  and  there  should  be  a  chaise  for  the  power  tlxus  used 
at  cost  plus  10  per  cent.  Power  in  excess  of  such  requirements, 
whether  generated  at  a  Pilot  Knob  power  station  or  at  the  proposed 
mesa  power  stations,  would  be  commercial  power. 

The  cost  of  power  development  and  its  taranonission  should  indude 
interest  on  whatever  capital  investment  has  been  charged  to  power 
down  to  Araz.  Below  Araz  the  canal  may  be  regarded  as  constructed 
solely  for  irrigation  purposes,  with  power  development  as  an  incident 
which  18  not  to  be  charged  with  any  furthw  cost  of  ordinary  canal 
construction.  Accepting  this  view,  the  contrdUing  gates  and  off- 
take gates  and  the  chutes  to  lower  levels  at  each  power  station  would 
be  chargeable  to  power.  So,  too,  might  be  considered  the  extra  cost 
of  constructing  the  canal  on  a  location  such  that  its  excess  fall  can 
be  used  for  power.  If  not  so  located^  however,  other  structures  to 
take  up  grade  would  have  been  necessary.  No  attennpt  has  bera. 
made  to  determine  whether  or  not  the  local  conditirais  would  have 
justified  any  addition  from  this  cause  to  the  power-plant  construc- 
tion charge,  and  it  is  recommended  that  none  be  made. 

Of  the  ordinary  canal  operating  md  maintcaiance  exp^ases  from 
laie  headworks  at  Laguna  Dam  down  to  the  power  station  near  Pilot 
Knob  a  small  proportionate  part  to  be  fixed  by  the  Secretary  of  the 
Interior  should  be  charged  to  power,  wherever  this  power  is  generated. 

The  canal  operating  and  maintenance  expenses  from  the  Laguna 
Dam  down  to  the  siphon  drop,  y^eh  are, chargeable  to  inj|pbtion, 
should  be  distributed  to  the  Yuma  project  and  to  the  Imperial 
Valley  interests,  respectively,  in  the  ratio  of  the  relative  amounts  of 
water  carried  for  each. 

The  distribution  of  profits  from  the  sales  of  power  should  be  to 
Yuma  project  and  to  the  Xmperial  Valley  intereats  in  the  same 
ratio  that  is  determined  to  be  the  basis  of  thm  relative  contdbutions 
to  the  cost  of  constructing  tl\e  power  plants. 
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The  agreement  between  the  Secretary  of  the  Interior  and  tiie  Im- 
perial irrigation  district  bearing  date  October  23,  1918,  is  in  sub- 
stantial agreement  with  the  foregoing.  The  text  of  this  agreement  is 
appended  to  this  tepart.  Attention  may  be  called  to  the  wording  of 
the  clause  in  this  agreement  mider  which  the  cost  of  constructing 
power  plants  is  to  be  apportioned.  According  to  the  agreement  the 
Imperial  irrigation  district  would  be  charged  with  one-half  the  cost 
&vm  l&ough  the  installation  were  limited  to  the  maximimi  require- 
ments of  the  Ynma  project.  The  i^reemeat  apportions  the  cost  of 
power-plant  installation  "to  the  Ymna  project  and  the  district, 
respectively,  in  the  ratio  that  8,500  water  horsepower  beai-s  to  the 
aggregate  water  horsepower  of  the  plant  installed/'  If  the  intent 
18  to  hare  the  Yim»  project  bear  such  a  portion  of  the  cost  as  is 
represented  by  the  ratio  of  8,500  water  horsepower  to  the  total 
water  horsepower  for  which  a  plant  is  installed^  this  would  be  in 
agreement  with  the  board's  recommendation.  The  language  used 
in  the  agreement  does  not,  however,  permit  this  interpretation  and 
should  modified. 

THE  CONTROL  AND  OPERATION  OF  WORKS  IN  WHICH  THE  YUMA 
PBOJECT  AND  IMPEBIAL  VALLEY  ARE  JOINTLY  INTERESTED. 

The  diversion  of  water  from  Colorado  River  at  the  Laguna  Dam 
will  be  fOT  the  joint  benefit  of  irrigable  areas  on  both  sides  of  Colorado 
Biver.  It  does  not  appear  desirable  that  the  entire  canal  system  on 
both  sides  of  the  river  should  be  under  one  managem^t  nor  does  ' 
any  such  arrangement  appear  possible.  Separate  organizations  for 
the  management  of  the  Yuma  project  and  for  the  management  of 
the  Imperial  irrigation  dktrict  will  probably  always  be  maintained. 
OthOT  interests,  too,  will  undoubtedly  at  some  later  time  be  supplied 
with  water  through  headworks  at  the  Laguna  Dam  and  through  a 
common  main  canal.  Conflict  of  authority  in  the  operation  of  all 
works  for  mutual  benefit  must  be  avoided.  The  maintenance  and 
operation  erf  the  dam  and  diverting  works  and  of  the  canal  down  to 
the  fflphon  drop  and  of  the  power  stations  whieh  are  to  be  operated 
for  the  benefit  of  several  interests  should  be  pennanently  under  the 
control  of  the  United  States. 

The  Secretary  of  the  Interior,  who  directs  the  work  of  the  United 
States  Beelamation  Service,  should  retain  authority,  or,  if  necessary, 
be  given  any  additional  authority,  by  agreement  or  otherwise,  to 
operate  and  maintain  the  water  diversion,  to  divide  the  waters  be- 
tween the  Yuma  project  and  the  Imperial  Valley  interests,  and  to 
manage  and  control  the  power  development  and  power  sales  from 
any  plant  in  which  both  have  an  interest. 

It  would  then  fall  to  the  Secretary  of  the  Interior  to  apply  the 
principles  this  board  is  recommencfing,  rdating  to  such  questions  as 
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the  distribution  of  construction  costs  to  power  and  to  irrigaticm,  the 
apportionment  of  the  canal  and  power  construction  costs  to  the 

Yuma  project  and  Imperial  Valley,  the  determination  of  interest 
and  depreciation  charges,  the  apportionment  of  irrigation  operating 
eaqpeoses,  foid  the  division  of  profits  from  power  sales  and  the  li^* 

COST  ESTIMATES.' 

In  adopting  the  schedule  of  unit  prices  noted  in  Mr.  Preston's 
report,  which  is  submitted  as  Part  II  of  this  report,  consideration 
was  given  to  the  hi^  level  of  prices  of  labor  and  materials  reached 
during  the  war,  and  it  has  been  assumed  that  the  previuling  hi|^ 
prices  will  continue  throughout  the  period  of  canal  construction. 
The  installation  of  the  power  plant  near  Pilot  Knob  is  for  use  during 
construction,  but  it  has  been  treated  in  the  cost  estimates  as  though 
it  were  a  permanent  feature  of  the  project.  Whether  this  is  the 
case  or  not,  its  installati<m  and  use  will  make  cheap  power  availaUe 
for  construction  purposes,  particularly  on  that  part  of  the  canal 
westward  from  Pilot  Knob,  thereby  reducing  the  unit  costs  of  exca- 
vation and  other  work  below  what  they  would  otherwise  be. 

The  estimates  of  the  cost  of  constructing  the  canal  from  the 
Laguna  Dam  to  Imperial  Valley  on  a  location  entirely  within  the 
United  States  and  the  cost  of  making  a  connection  between  the 
present  head  of  the  Imperial  Canal  and  the  Laguna  Dam  are  pre- 
sented in  detail  in  Mr.  Preston's  report. 

According  to  the  agreement  of  October  23,  1918,  the  apparent  cost 
to  the  Imperial  Irrigation  District  of  acquiring  from  the  United  States 
the  right  to  connect  with  the  Lagima  Dam  is  $1,600,000.  The 
agreement  provides  that  this  sum  is  to  be  paid  in  installments  (with- 
out interest).  The  last  installment  is  to  become  due  in  19  years. 
It  is  assumed  by  this  board  that  if  400,000  acres  of  ImperiaL  Valley 
lands  not  now  within  Lnp^isl  Valley  Irrigation  District  aro  to  be  in- 
cluded in  the  area  to  be  irrigated  by  a  high  line  canal  from  Laguna 
Dam  the  amount  to  be  paid  to  the  United  States  on  similar  terms  for 
the  right  to  connect  with  the  dam  will  be  fixed  at  $1,900,000. 

Mr.  Preston  has  added  tiiese  sums  to  his  cost  estimates.  Tkey^ 
should  not  be  covered  by  any  bond  issue  except  possibly  to  the  ex- 
tent of  installments  which  fall  due  at  an  early  date.  Beii^  payments 
to  be  made  at  a  future  date  they  do  not,  strictly  speaking,  represent 
cost.  The  present  value  of  $1,600,000  due  as  named  in  the  agreement 
if  discounted  at  5  per  cent  is  only  about  $975,000  and  the  present  value 
of  $1,900,000  payable  in  similar  installments  would  be  only  $1,170,000. 
As  presented  in  the  engineer's  report,  the  cost  estimates  which  in- 
clude these  items  of  $1,600,000  and  $1,900,000,  respectively,  when  a 
bond  issue  or  immediate  requirements  of  funds  are  under  considerar 
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ti^  may  ^erofore  be  regarded  as  too  lai^  by  abcmt  $625,000  in 
the  one  case  and  by  about  $730,000  in  the  other. 

A  summary  and  analysis  of  the  cost  estimates  is  here  predated: 

SktbnaUd  cost  ofdO'Anufiem  emal,  9,000  u/Gomirftti  eapaeitif. 


Estimated  total  cost  of  canal  construction  not  including  the  item  of 
11,900,000  for  the  right  to  connect  with  the  Laguna  Dam  nor  the  cost 
of  power  development  ?27,  655, 091 

Charge  Yuma  project  with  two-ninths  of  cost  of  canal  to  Araz,  based  on 
the  relation  of  one-half  of  4,000  secoild-feet  to  9,000  second-feet,  or 

two-ointhfl  of  $4,467,663   992, 814 

Chaige  Imperial  Vafley  with  balance   28,862,277 

To  which  is  to  be  added  &e  obligation  to  pay  in  annual  inataUmwtfl.  - .  1, 900, 000 

Total,  of  wiach  a  part  would  be  in  de£erred  payments.   28, 562, 277 


The  distribution  of  cost  according  to  area  to  Imperial  Irrigation 
District  and  to  the  mesa  and  other  outside  lands  would  be  about 
as  follows :  ' 
Imperial  Irrigation  District  about  60  per  cent  of  $26,662,277,  net  canal 

construction  cost   15, 997, 366 

Imperial  Irrigation  District  about  60  per  cent  of  the  item  $1,900,000  (in 
annual  installmenta)   1»  000 

Total,  (rf  wUdb  a  purt  iroold  be  &  deforod  payment   17,137,368 


Outside  lands  about  40  per  cent  of  126,662,277  net  ca^  construction 

cost   10,664,911 

Outside  lands  about  40  per  cent  of  the  item  $1,900,000,  in  annual  in- 

■tfjlwianfa  .   760,000 

Total,  of  which  a  part  would  be  in  deferred  payments   11,424,911 

The  distributiicm  of  the  cost  of  installii^  power  plants  at  Pilot  Knob 
and  at  mesa  power  statioDS  Nob.  1  and  2  would  beasicdlowB: 

Ealamated  total  cost  of  power  plants   3, 387, 268 

Ohatge  Ynma  project  for  power  with  about  40  i>er  cent  of  what  it  would 
coat  to  ft  power  plant  near  Pilot  Knob  for  the  utilization  of  6,000 
aec(md-feet  falHng  30  feet,  or,  in  lieu  thereof,  with  about  50  per  cent 


of  tibie  cost  <rf  the  pow^  installatioai  at  mesa  station  No.  1  whete  6,000 
aeccnd-feet  of  wat^  fallisg  24  feet  are  to  be  utilised,  or  60  p^  cei^ 
of  fl,231,62S  0n  round  nninbeni)   -  616,1000 

Chaq;e  Imperial  Valley  for  power,  with  balance  *   2, 771, 268 

The  dtetaributi<ni  to  Imperial  Irrigaticm  BirtEict  and  to  ti&e  outs^ 
lands  of  the  estimated  cost  of  power  instaUaticm,  which  is  chaig^  to 
Imperial  Valley,  should  be  as  follows: 

Total  estimated  cost  of  installing  power  plants  charged  to  Ijnperial  Val- 
ley, as  above  -   %  771, 268 

Charge  outside  lands  a  proportionate  part  of  the  esdmated  cost  of  mesa 
power  plant  No.  1  deterndned  by  the  ratio  that 500 second^eet  proved 

at  mesa  power  station  No.  1  fOT  the  outside  lands  bears  to  Uie  total 
capacity  of  6,000  second-feet  theie  provided  for  Imperial  Irrigation 
District  together  with  the  outside  Ittods,  or  one-twdfth  of  |1,231,523.  -       102, 627 


CSttoge  to  Imperial  Iiagatioa  Diflt^ 


2, 668, 641 
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The  distribution  of  the  esttaated  cost  of  canal  construction,  in- 
dudii^  pow^  ins^latKm  as  brtwe»  the  Imperial  Ixtiffdaa  Dis- 


trict and  outride  lands,  would  be  as  fdlows: 
Ohatge  Imperial  brigatioa  District  with  p$aA  canal  constraetifln  coat^ 

aaabovB  $15,997,366 

CSia^ge  Imperial  Irrigation  District  with  part  cost  of  power  ^aats,  as 
ab9ra  -   2,668,641 


TotaL  :   18,666,007 

CSiatge  Impoial  Kajgation  Disizict  with  about  60  per  cent  at  tite  item 
of  ^,900,000,  payable  in  instflUmwts.   1, 140, 000 


Total,  of  which  a  part  would  be  in  deferred  payoraitB..   19, 806, 007 

Chaige  outside  lands  in  Imperial  and  Ooachdla  Valleys  with  pact  of  the 

canal  construction  cost,  as  above  *  ,   10,  66^911 

C9iaige  outside  lands  with  part  cost  of  power  j^tantSy  as  above*   102, 629 


'  TotaL   10,767,888 

Gbaqp  outride  lands  witih  about  40  per  cent  of  tlie  item  43i  11,900,000, 
payable  in  installments.  ^. . « *      760, 00( 


Total,  of  whkk  a  part  would  be  in  defecred  payments.   11, 527, 538 

Imperial  Valley,  including  Imperial  Irrigation  District  and  all  out* 
side  lands  in  Imperial  and  Coachella  Valleys  would  be  charged 
with  the  followjog  for  an  all- American  canal  with  a  capacity  of 
9,000  second-feet,  induding  the  cost  d  power  instaUarion: 

Part  of  net  canal  construction  cost*   26, 662, 277 

Part  of  cost  of  power  plants   2, 771, 268 


Total  ^   29,433,546 

Bat^t  to  connect  with  Laguna  Dam,  piqrable  in  installments.   1,900,000 


Total,  of  wludi  a  part  would  be  ii^deteied  payments   31, 333, 545 


Yuma  project  woidd  be  charged  with: 

Part  of  canal  construction  cost  to  Aras,two-nintibs  of  64,467,663  asabove.  992»814 
Pact  of  power-plant  constouctim  cos^  abo^  60  per  ceoA  <rf  il,2Sl|S2S  (in 

rcnmd  anmbm),  as  above   616, 000 


Total   1,608,814 


The  part  of  the  total  omrtructixm  cost  ehai^geable  to  poww  has  been 
estimated  as  follows: 
One-third  of  the  cost  of  the  canal  to  Area,  baaed  <m  tlie  relation  ts/t  one^ 
half  of  6^000  second-feet  to  9,000  second-feet,  or  one*thud  of  $4,467,* 

663   1,489,221 

Estimated  cost  of  power  plants,  covering  construction  power  plant  near 
PilotEnob,  mesa  power  |daat  No.  land  mesa  pow^p^^      2   3,387,268 


Total   4,878,489 
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JEstiraaUd  cost  of  connection  0/  Jmperial  Canal  with  Laguna  Dam,  9,000  second-feet 

capacity, 

Eeliinated  cost  canal  construction,  being  the  cost  of  canal  construc- 
tum  to  the  Pilot  Knob  po^r  sti^on  ($4,880,258)  pins  the  cost  ot  a  tail- 
race  to  connect  ^th  the  present  Imperial  Oeuud  (|91 ,080)   9Hj  971»  S38 

Charge  Yuma  project  with  two-mnths  of  cost  to  Axas  (tw^-nintlis  of 
$4,467,663),  as  above   WJSIM 


Charge  Imperial  Irrigation  IMstcict  with  balance   3, 978, 524 

Charge  Imperial  Inigadon  District  Icxrr^t  to  connect  with 
payable  in  instaUments   1>  WO,  000 


l^ytet,  chargeable  to  Imperial  Irrigation  District,  of  which  a  part 
would  be  in  deferred  payments   5, 578, 524 


Estiniated  cost  of  power  plant  near  Pitot  Knob,  based  m  the  utilisation 
of  6,000  second-feet  of  water  fallix^  about  30  feet  (mm  as  6itite«ted 

for  mesa  power  station  No.  1)  *   1,231,628 

Charge  Yuma  project  with  40  per  cent  Hieieof,  being  in  round  numbm 
the  ratio  which  8,500  water  hotsapower  bears  to  Hie  total  watSf  hotse< 

power  far  which  the  installaticm  is  made  :  *   492,609 


Charge  Imperial  Irrigation  I^itrict  witih  60  per  cent  tteieof   788,014 


The  part  of  the  estimated  cost  which  is  chargeable  to  Imperial  Irri- 
gation District  of  the  construction  of  a  connection  betwi^en  the  Im- 
perial Canal  and  the  Laguna  Dam,  at  a  capacity  of  9,000  second- 
feet,  including  a  power  plant  near  Pilot  Knob,  is  as  follows: 

Part  cost  of  canal  construction,  as  above   3, 978, 524 

Part  cost  (rf  Pilot  Knob  power  plant,  as  above   738, 914 


Total  -   4,717,438 

lUg^t  to  connect  with  Laguna  Dam,  pa^nible  in  instaUments   1,600,000 


Total,  of  which  part  would  be  in  deferred  payments   6,317,438 

The  estimated  cost,  chargeable  to  the  Yuma  project  fox  power  to  be 

generated  at  Pilot  Knob  is  as  follows: 

Part  cost  of  canal  construction,  as  above  —  992, 814 

Part  cost  ol  Pilot  Knob  powwr  plant,  as  above   492, 609 


Total   1,485,423 

The  estimated  cost  of  canal  construction  chargeable  to  power  and  to 
be  used  as  a  basis  in  figuring  interest  on  the  investment  is  as  follows 
(amnection  with  Laguna  Dam,  9,000  second-feet) : 
One-thiid  of  cost  of  canal  to  Axaz,  based  on  the  relation  of  one-half  of 
6,000  second-feet  to  9,000  eeeond-feet,  or  one4hird  of  .$4,^7f663   1, 489, 221 

The  gross  construction  cost  chargeable  to  power,  including  power 

plants,  will  be  about  as  follows: 
Estimated  cost  of  Pilot  Knob  power  plant  baaed  on  a  utilization  of  6,000 

second-feet  of  water  for  power   1?  231, 523 

One-third  of  cost  of  canal  to  Araz,  as  above   1, 489, 221 


TWal   2, 720. 744 
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EitimaUd  C09t  0/  all-American  can/il  for  Imperial  Irrigation  Districl,  6,000  $eeond-feet 

capacUjf  (aUernaUve/or  ir^onnation  only)* 

Estimated  total  cost  of  canal  construction,  not  including  the  item  of 
$1,600,000  for  the  right  to  connect  with  the  Laguna  Dam,  nor  the  coat  of 


power  development  |25, 137, 116 

Charge  Yuma  project  with  one-third  of  cost  of  canal  excavation 

to  Araz,  or  one-third  of  $2,021,020  $673, 673 

Charge  Yuma  project  with  two-ninths  of  cost  of  structures,  or 

two-ninths  of  $1,855,496    412,332 

  1,086,005 

(»aige Imperial Irrigsrtfon District   24,051,m 

T^iriiidiistobeaddedtiheobligatimitopayibawi^  1,601^000 

Total,  ofwhichapartisindefonedpaym^ats   25,651,111 

Estimated  total  cost  of  power  plants   3, 387, 268 


Charge  Yuma  project  for  power  with  about  40  per  cent  of  what  it  would 
cost  to  install  a  power  plant  near  Pilot  Knob  for  the  utilization  of  6,000 
second-feet  of  water  falling  30  feet,  or  in  lieu  thereof  with  about  50  per 
cent  of  the  cost  of  the  power  installation  at  mesa  station  No.  1  where 
6,000  second-feet  falling  24  feet  are  to  be  utilized,  or  50  per  cent  of 


$1,231,523  (in  round  numbem)   616, 000 


Ouuge  Imperial  Irrigation  District  with  balance   2, 771, 268 

Ibiperial  Irrifi^tion  District  would  be  charged  for  a  canal  of  6,000 
second-feet  capacity,  including  power  develoimient: 

Part  of  net  canal  construction  cost   24, 051,  111 

Pta*  of  cost  of  powor  idants   2, 771, 268 


Total   26,  822, 379 

Big^t  to  connect  with  Laguna  Dam,  pag^Ie  in  installments   1,600,000 


Total,  ol  wludi  part  would  be  in  deferred  paymrats.   28, 422, 379 


Yumtf  project  would  be  charged  with: 

Part  of  canal  construction  cost  to  Araz  one-third  of  $3,258,015   1, 086, 005 

Part  of  power  plant  construction  cost,  about  50  per  cent  of  $1,231,523. . .        616, 000 


Total   1,702,005 

The  estimated  cost  of  canal  construction  cost  chargeable  to  power 
and  to  be  used  as  a  basis  in  figuring  interest  on  the  investment  is  as 
follows: 

Part  cost  of  canal  to  Araz  based  on  the  use  of  the  entire  canal  flow  of  6,000 
second-feet  in  generating  power,  or  one-half  of  estimated  cost  of  canal 
excavation  ($2,021,020)  and  one-third  of  cost  of  canal  structures 
($1,855,496)   1, 629, 009 

The  gross  ccmrtructl^  cost  d^cgeable  to  power,  inchiding  power 
{dants,  woaM  be  about  as  fcAows: 

Estimated  cost  of  power  plants   3, 387, 288 

Fart  cost  <rf  canal  to  Aiaa  as  above..     1,628,009 


5,016,277 
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PLAN  OF  PROCEDURE. 

This  board  believes  that  a  higb-line  canal  of  la^  capacity  from 

the  Colorado  River  into  the  Imperial  Valley,  for  the  irrigation  of 
lands  in  the  Imperial  and  Coachella  Valleys,  is  necessary  and  will 
sooner  or  later  he  constructed.  Construction  of  an  aU-American 
canal  by  imperial  Irrigation  District,  under  the  i^reement  of  Oeto** 
ber  23,  1918,  which  was  ratified  by  the  voters  of  the  district  on  Jan- 
nary  21,  1919,  by  a  3  to  1  vote,  will  be  possible  if  the  district  is 
assured  of  financial  assistance  by  the  State  of  California  or  by  the 
United  States.  The  market  for  irrigation  district  bonds  is  limited 
and  the  district,  in  its  |»res0nt  extent,  cui  not  hope  to  realize  the 
desired  result  at  an  early  date  if  it  attempts  to  proceed  unaided. 
The  last  bond  sale  of  the  district  (in  191S)  netted  only  83^.  The 
prospect  of  help  from  the  State  is,  for  the  present^  negligible.  Of  the 
400,000  acres  or  more,  outside  of  the  district,  which  can  be  watered 
by  a  high-line  canal  from  the  Lc^una  Dam,  a  large  xmrt  is  still  pubUc 
domain.  It  is  natural,  therefore,  that  the  Imperial  Irrigation  Dis- 
trict and  the  outside  lands,  including  Coachella  Valley,  should  look 
to  the  United  States  for  cooperation  in  carrying  out  the  project. 
This  cooperation  can  be  had  in  various  ways,  of  which  this  board 
suggests  the  following: 

(a)  The  Govmiment  could  undertake  the  construction  of  th^ 
works  and  retain  permanent  control  of  maintenance  and  operation, 
beginning  at  Laguna  Dam  and  extending  down  to  the  point  where 
any  interests  other  than  those  of  the  Imperial  Irrigation  District  are 
served,  including  all  power  development.  Imperial  Irrigation  Dis- 
trict should  then  pay  a  fair  price  for  the  water  deUvered  to  the  dis- 
trict. The  charge  for  water  should  be  so  fixed  that  capital  will  he 
returned  and  interest  paid  on  any  simi  expended  for  the  benefit  of 
the  district,  whether  on  these  works  or  on  any  storage  works  that 
may  have  to  be  provided  for  the  district.  The  outside  lands  would 
be  charged  with  proportionate  per  awe  cost  of  works.  Those  in  the 
public  domain  would  be  sold  subject  to  this  charge.  Congressional 
authorization  to  proceed  in  this  way  would  be  required. 

(6)  The  Government  could  undertake  the  construction  of  the 
works,  retaining  permanent  control  of  maintenance  and  operation 
down  to  mesa  power  station  No.  2,  inclusive.  The  district  should 
then  issue  bonds  in  the  amount  necessary  to  cover  its  proportional 
part  of  the  cost.  The  Government  should  in  this  case  arrange  to 
accept  the  securities  oi  the  district,  issuing  its  own  in  {dace  thereof  if 
necessary.  The  lands  not  in  the  district  should,  in  this  events  be 
charged  with  a  proportional  part  of  the  cost,  and  suitable  arrange- 
ment should  be  made  by  the  United  States  to  recover  this  charge^ 
wiik  interestj  within  a  reasonable  time^  preferably  40  to  50  yeais. 


THE  ALL-AMERICAN  CANAL 


63 


(e)  The  boundaries  of  the  Imperial  Irrigation  District  could  be 
enlarged  so  as  to  include  or  annex  outlying  lands  and  then  bonds 
could  be  voted  for  the  entire  work.  The  bonds  would  be  a  hen  on 
all  the  lands  of  the  coilaiged  district.  The  Government  should  in 
in  this  case  underwrite  the  bonds  to  make  them  mazketable,  or 
exchange  its  securities  for  the  district's  bonds  imder  some  suitable 
plan. 

BeCOMMeNDATIONS. 

The  board  recommends: 

1.  That  the  all-Ammican  canal,  or  an  equivalent  high-line  canal, 
from  the  Laguna  Dam  into  the  Imperiid  Valley  be  constructed 
under  one  of  the  above-noted  methods  or  under  some  other  similar 
procedure  for  financing  the  enterprise,  and  that  Congress  pass  such 
laws  as  may  be  necessary  to  put  into  effect  any  plan  that  may  be 
agreed  upon  between  the  Secretary  of  the  Interior  and  the  Imperial 
Irrigation  District* 

2.  That  the  connection  of  the  Imperial  Canal  with  the  Laguna 
Dam  be  made  at  once. 

3.  That,  so  far  as  practicable,  the  water  power  of  any  canal  that 
is  constructed  be  utilized  and  the  apportionment  of  the  cost  of 
installing  power  pknts  and  of  providing  the  necessary  transmission 
lines  should  be  made  on  the  assumption  that  the  tentative  Govern- 
ment plans  for  the  Yuma  project  would  some  day  be  carried  out. 
The  Yuma  project  on  this  assumption  would  maintain  an  interest 
and  would  be  chai^d  with  the  proportionate  cost  of  canal  capacity 
for  4,000  second-feet  of  water  to  near  Araz,  and  it  would  be  <diarged 
for  power  plant  installation  in  the  ratio  that  8,500  water  horsepower 
bears  to  the  total  water  horsepower  for  which  the  power  installation  is 
to  be  made. 

4.  That  the  development  of  power  with  water  horn  an  alUAmm- 
can  or  high-line  canal,  regardless  of  the  location  of  power  stations, 
should  be  charged  with  such  portion  of  the  cost  of  canal  construc- 
tion down  to  Araz,  and  no  farther,  as  is  determined  by  the  ratio 
that  one-half  of  the  capacity  required  for  tiie  water  used  for  power 
bears  to  .  the  total  canal  capacity^ 

5.  In  case  that  no  other  work  be  undertaken  for  the  joint  benefit 
of  the  Yuma  project  and  Imperial  Irrigation  District,  except  the 
alterations  at  the  Laguna  Dam,  the  enlargement  of  the  Yuma  Canal 
and  the  extension  of  this  canal  to  a  connection  with  the  head  of  the 
preset  Imperial  Canal,  then  funds  for  this  work  should  be  provided 
either  jointly  by  the  United  States  for  the  Yuma  project  and  by  the 
Imperial  Irrigation  District,  or  by  the  United  States  alone  subject 
to  repayment  of  a  proper  proportionate  part  of  the  cost  with  inter- 
est by  the  Imperial  Irrigation  Distrioti  or  by  the  Imperial  Irrigati<A 
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District  alone,  subject  to  a  participation  in  the  power  plant  and 
power  output  by  tfauB  Yunaa  project  upon  a  repayment  to  the  district 
<tf  a  inroportionate  part  of  the  coDstruction  cost. 

6-  The  power  plant  installation  for  construction  and  other  pur- 
poses at  Pilot  Knob  should,  at  the  outset,  be  for  the  utilization  of 
about  3,000  second-feet  of  water  falling  30  feet,  and  space  should  be 
pETOvided  for  a  possible  latw  enlai^ement  of  the  plant. 

7.  The  United  States  should  undertake  the  early  constructioii  of 
storage  reservoirs  on  the  drainage  basin  of  the  Colorado  River  as 
part  of  a  comprehensive  plan  for  the  betterment  of  the  water-supply 
conditions  throughout  the  entire  basin  of  this  river.  The  stored 
water  should  be  made  available  for  power  and  irrigation  at  a  fair 
ch^^rge  for  this  service.  By  storage  on  a  large  scale  in  well-distributed 
reservoirs  the  peak  of  the  lower  river's  flood  discharge  will  be  cut 
down  and  the  menace  to  the  submersible  lands  along  the  Colorado 
Kiver  below  the  Grand  Canyon,  and  in  particular  to  the  delta  region 
and  the  Imperial  Valley^  will  be  reduced. 

8.  N^tiations  should  at  once  be  entered  into,  through  appro- 
priate  channels  to  bring  about  an  understanding  with  Mexico,  in 
reference  to  the  control  of  Colorado  River  at  its  high  stages  on  Mexi- 
can territory  and  in  reference  to  the  use  of  the  river's  water  for  irri- 
gation in  M&xico,and  also  to  permit  the  United  States  to  construct 
canals  for  the  irrigation  of  lands  in  California  across  Mexican  trari- 
tory  if  found  desirable  to  so  locate  them. 

9.  That  funds  be  provided  for  a  continuation  of  the  studies  relating 
to  the  movement  of  the  blow  sand  on  the  Une  of  the  canal  and  that 
these  studies  be  conducted  under  supervision  oi  the  United  States 
Reclamation  Service* 


APPENDIX. 


AGREEMENTS  BETWEEN  THE  SECBETABT  OF  THE  INTEBIOB  AND  THE 

NSEcroas  of  impebul  msiGATKm  rasnacr. 


ACntEEMENT  OF  FEBRUARY  16,  1918,  PROVIDING  FOR  THE  APPOINTOflPRf  <W  THE  ALL- 
AMKKICAN  CANAL  BOAKD  AND  TBX  MAKDfO  09  SDBVnm. 

CONT&AOT. 

This  a^eement  made  this  16th  day  of  February,  A.  D.  1918,  between  the  United 
States  of  America,  by  Franklin  K.  Lane,  Secretary  of  the  Interior,  hereinafter  called 
the  "secretary,"  pursuant  to  the  act  of  June  17,  1902  (32  Stat.,  388),  and  acts  supple- 
mentary thereto  or  amendatory  thereof,  and  the  Imperial  Irrigation  District,  of  El 
Centre,  Calif.,  hereinafter  called  the  ''district,"  organized  and  existing  under  and  by 
virtue  of  the  laws  of  the  State  of  California,  by  Leroy  Holt,  its  president,  its  successors, 
or  assigns, 

Witnesseth:  That— 

2.  Whereas  it  is  desired  to  make  a  complete  investigation,  survey,  and  cost  estimate 
of  an  all-American  canal  from  the  Laguna  Dam,  Arizona-California,  into  Imperial 
Valley,  California;  and 

3.  Whereas  the  said  district  will  allot  the  sum  of  thirty  thousand  dollars  ($30,000) 
to  be  made  available  upon  condition  that  the  United  States  will  enter  into  a  contract 
for  said  cooperative  investigations  with  the  said  district;  and 

4.  Whereas  the  secretary  will  allot  the  sum  of  fifteen  thousand  dollars  ($15,000)  to 
be  expended  on  such  investigations  in  cooperation  with  the  said  district: 

5.  Now,  therefore,  in  consideration  of  the  premises  and  the  mutual  covenants  and 
agreements  hecein  ooatained,  it  is  stipulated  and  agreed  between  the  parties  hereto  as 
follows: 

6.  That  investigations,  surveys,  and  cost  estimates  of  an  all  American  canal  from 
the  Laguna  Dam,  ArizonarCalifomia,  into  Imperial  Valley,  Calif.,  will  be  made  in 
order  to  determine  the  possibility  and  feasibility  of  carrying  an  adequate  supply  of 
water  for  the  irrigation  of  arid  lands  in  the  Imperial  Valley;  that  such  sm^eys  shall  be 
made  in  sufficient  detail  so  that  the  character  and  cost  of  development  shall  be  shown; 
such  surveys  shall  also  investigate  the  ways  and  means  by  which  power  may  be  de- 
veloped as  an  incident  to  the  oonBtFactixm  of  such  inigation  works  and  the  value 
aad  possible  uses  thweoi 

?•  All  investigations,  surveys,  and  cost  estimates  contemplated  hereunder  shall  fol- 
low a  general  plan  of  operation  jointly  agreed  upon  by  a  board,  one  member  to  be 
selected  by  the  district,  one  by  the  Director  of  the  United  States  Bedami^n  Service, 
and  a  third  by  the  UniveiBity  <rf  California. 

8.  The  surveys  shall  be  made  by  an  engiheer  duly  appointed  by  the  Director  of 
the  United  States  Reclamation  Service,  hereinafter  called  the  '  director,''  and  the 
engineer  be  authorized  to  emjioy  all  necessary  assistants  and  make  all  necessary 
expenditures.  The  engineer  will  make  estimates  ot  the  amount  of  money  needed  for 
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each  monthly  period,  and  at  least  15  days  prior  to  the  beginmng  of  said  pmods  will 
notify  the  said  district  of  its  proportion  of  the  amoiint  of  money  needed  for  use  during 
the  said  period,  and  for  the  first  pmod  Hie  said  district  diall  pay  to  the  XTnited  States 
five  thousand  dollars  (15,000),  which  sum  shall  be  paid  within  10  days  afkar  tiie  exe- 
cution of  this  contract.  Upon  completion  of  the  said  investigation  the  director 
alkali  make  a  statement  of  the  actual  cost  and  expense  cyf  the  said  investigation  and 
surveys  and  submit  the  same  to  the  district.  The  gross  expenditure  on  the  said  work 
u  lunited  to  the  sum  of  forty-five  thousand  dollars  ($45,000),  of  which  the  district 
shall  pay  two-thirds  and  the  United  States  one-third*  All  moneys  paid  by  the  dis- 
trict and  all  expenditures  made  iinder  the  tenns  of  this  contract  shall  be  made  to  and 
by  a  special  fiscal  agent  of  the  United  States  Reclamation  Service  at  Yuma,  Ariz, 

9.  If  the  said  district  shall  fail  to  make  prompt  paym^ts  as  required  under  this 
contract,  the  director,  after  10  days'  written  notice  to  the  district,  shall  have  the  rig^t 
to  cancel  this  contract,  and  all  rights  of  said  district  th^under  dudl  cease,  and  the 
district  shall  not  be  entitled  to  repayment  ct  any  moneys  expended  on  its  account 
under  this  contract. 

10.  The  employment  of  engineers,  surveyors,  smd  other  necessary  employees  in 
connection  with  these  investigations  and  surveys,  together  with  the  purchase  or  rental 
of  e(iuipinent  necessary,  and  all  other  necessary  expenses  for  conducting  said  investi- 
gation, survey,  and  cost  estimate  will  be  charged  as  a  part  of  the  cost  thereof. 

11.  On  completion  of  the  said  surveys  and  investigations  a  report  th&eoi  shaiU  be 
made  by  the  engineer  of  the  Reclamation  Service  in  charge  of  the  work.  The  facts 
and  conclusions  reported  shall  be  reviewed  by  the  board,  provided  for  in  article  7 
hereof.  The  report  of  this  board  shall  be  published  by  the  United  States  Reckuna- 
tion  Service.  The  expense  of  said  report,  which  shall  be  printed,  shall  be  deemed  an 
item  of  expense  to  be  paid  under  the  provisions  of  this  contoK^.  This  report  shall 
contain  detailed  estimates,  with  suitable  explanatory  maps,  plans,  and  other  docu- 
ments as  exhibits,  such  expenses  being  segregated  and  itemised  as  &r  as  practicable; 
that  such  report  shall  contain  specific  condusions  and  recommendations  as  to  the 
future  policy. 

12.  No  Member  of  or  Delegate  to  Congress,  or  Resident  Commissioner,  aftw  his 
election  and  appointment  or  either  before  or  after  he  has  qualified,  and  during  his 
continuance  in  office,  shall  be  admitted  to  any  share  or  part  of  this  contract  or  agree- 
ment or  to  any  benefit  to  arise  thereupon.  Nothing,  however,  herein  contained 
shall  be  construed  to  extend  to  any  incorporated  company  where  such  contract  or 
agreement  is  made  for  the  general  benefit  of  such  incorporation  or  company,  as  pro- 
vided in  section  116  of  the  act  of  Congress  approved  March  4,  1909  (36  Stat.,  1109). 

In  witness  whereof  this  contract  has  been  executed  by  the  parties  hereto,  the  day  and 
year  first  above  written. 

Untted  States  or  Ambbica, 
By  Frakklim  E.  Lane, 
[coiUKUtATB  SBAii.]  SecreUxry  of  the  Interior. 

lUPBBEAIi  iBRIGA-nON  DiSHOCT, 

By  Lerot  Hoi/t,  Pre:ideni. 

Attest: 

F.  H.  MgIvsb,  Seereiary. 
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AGR££M£NT  OF  OCTOBER  23,  1918,  PROVIDING  FOR  THE  EXTENSION  OF  IBIPBUAL 
CANAL  TO  THE  I.AGUNA  DAM  AND  OOMBUTTING  THE  IStraBIAI.  nOOMUTiON  DISTRICT 
TO  THE  CmranniCTION  OF  AN  ALL-AH BBiCAN  CANAI^^ 

CONTRACT  (ORAPT  OF  AUG.  1,  1918). 

This  agreement,  made  the  23rd  day  of  October,  A.  D.,  1918,  by  and  between  the 
United  States  of  America  acting  in  this  behalf  by  Franklin  K.  Lane,  Secretary  of  the 
Interior,  hereinafter  styled  the  United  States,  party  of  the  first  part,  and  the  Imperial 
Irrigation  District,  a  corporation  duly  organized  and  existing  under  and  by  virtue  of 
the  laws  of  the  State  of  California,  hereinafter  styled  the  district,  party  of  the  seccmd 
part, 

Witiiesseth: 

2.  Whereas,  in  connection  with  the  Yuma  project,  Arizmia-Cdifomia,  undw  the 
provisions  of  the  reclamation  act  of  June  17, 1902  (32  Stat.,  388),  and  acts  amendatory 
thereof  and  supplementary  thereto,  and  particularly  section  25  of  the  act  of  April  21, 
1904  (33  Stat..  224),  the  United  States  Reclamation  Service  has  constructed  on  the 
Colorado  River  a  dam  known  as  the  Laguna  Dam  and  certain  auxiliary  wcarks,  situate 
about  10  miles  northeast  of  Yuma,  Ariz. ,  together  with  a  main  supply  canal  extending 
from  said  dam  southwesterly  to  a  point  known  as  Siphon  Drop,  situate  in  section  10, 
Township  IG  south,  range  22  east,  S.  B.  M.;  and 

3.  Whereas  under  the  aforesaid  act  of  Congress  the  United  States  contemplates  the 
reclamation  of  120,000  acres  of  irrigable  land,  more  or  less,  under  the  Yuma  project 
with  water  from  Colorado  River  diverted  at  Laguna  Dam,  and  the  district  desires  to 
change  its  point  of  diversion  and  secure  the  right  to  divert  water  at  said  dam  for  the 
irrigation  of  all  irrigable  land  within  the  boundaries  of  the  district;  and 

4.  Whereas  the  district  is  authorized  under  chapter  160  of  the  Statutes  of  GaUfomia, 
1917,  page  243,  to  contract  with  the  United  States  for  a  supply  of  wat^  for  iirigaticm: 

5.  Now,  therefore,  in  consideration  of  the  mutual  covenants  and  agreements  to  be 
kept  and  performed  and  considerations  to  be  paid,  as  hereinafter  provided,  it  is  hereby 
agreed  as  follows,  to  wit: 

6.  That  immediately  on  the  execution  of  this  contract  the  district  shall  proceed  with 
diligence  to  secure  data,  which,  together  with  other  available  data  and  data  to  be 
gathered  under  the  existing  cooperative  contract  dated  February  16,  1918,  will  con- 
stitute a  complete  detailed  survey  with  specifications  and  estimates  of  cost  for  the 
following: 

(a)  All  necessary  works  and  structures  for  the  diversion  of  water  from  the  Colorado 
River  at  Laguna  Dam,  thence  through  said  existing  main  canal  of  the  Yuma  project, 
and  sufficient  enlargement  and  modification,  including  such  works  or  devices  as  the 
Secretary  of  the  Interior  may  require  for  the  purpose  of  maintaining  as  near  as  may  be 
the  efficiency  of  the  desilting  and  sluicing  works  at  Laguna  Dam,  as  such  eflSiciency 
would  be  were  the  Yuma  project  fully  developed,  to  divert  and  carry  all  water  needed 
by  the  district  for  the  irrigation  of  its  lands  above  referred  to,  without  impairing  the 
utilization  of  said  Laguna  Dam,  main  canal,  and  auxiliary  works  to  the  full  extent 
necessary  to  irrigate  the  Yuma  project  when  fully  developed. 

(b)  A  main  canal  entirely  within  the  United  States,  with  all  necessary  appurtenant 
structures  for  the  practical  operation  thereof,  of  sufficient  capacity  and  proper  con- 
struction to  irrigate  all  lands  in  Imperial  County,  State  of  California,  susceptible  of 
economic  irrigation  from  said  canal.  Such  canal  to  connect  with  said  main  canal  of 
the  United  States  at  a  point  described  as  Siphon  Drop,  and  thence  to  connect  with  the 
canal  system  of  said  district  in  the  United  States  ui>on  the  line  located  and  approved* 
as  provided  by  the  terms  of  the  cooperative  contract  of  February  16,  1918,  above 
referred  to. 

1  This  agreement  was  ratiaedhy  tbs  voten  of&nperislM^^ 
%6I6  In  fivor,  1^33  ag^nst* 
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7.  Upon  the  approval  by  the  Secretary  of  the  Interior  of  the  said  survey,  specifica- 
tions, and  estimates,  district  will  provide  for  beginning  and  carrying  to  completion 
with  due  diligence,  at  the  cost  of  the  district,  the  work  of  construction  and  installation 
at  the  Laguna  Dam  and  on  the  main  canal,  described  in  and  contemplated  by  this 
agreement,  and  the  district  shall  provide  proper  pecuniary  support  for  the  same  in 
advance,  in  a  manner  satisfactory  to  the  Secretary  of  the  Interior.  All  such  work 
shall  bo  carried  on  in  such  manner  as  not  to  interfere  with  the  proper  operation  of  the 
Yuma  project  by  the  United  States,  and  the  district  will  promptly  carry  out  any 
measures  required  by  the  United  States  or  its  authorized  agents  to  avoid  or  relieve 
any  interference  with  the  delivery  of  water  to  the  Yuma  project  during  and  due  to 
such  construction,  and  will  save  the  United  States  harmlesa  as  to  any  claims  for 
damages  that  may  be  presented  by  reason  thereof. 

8.  All  work  of  construction  and  installation,  and  the  materials  used  therein,  shall 
at  all  times  be  subject  to  the  approval  of  the  Secretary  of  the  Interior,  and  be  under 
the  8uper\dsion  and  inspection  of  his  authorized  agents  antl  engineers,  to  the  end  that 
the  works  shall  conform  strictly  with  said  surveys  and  specifications,  and  such  modifi- 
cation thereof  as  the  Secretary  of  the  Interior  may  approve  in  writing.  In  case  any  of 
said  works  are  constructed  under  contract  made  by  the  district  and  are  not  in  accord- 
ance with  said  surveys  and  specifications,  the  secretary  may,  at  his  option,  replace 
Buch  unsatisfactory  construction  work  at  the  expense  of  the  district,  or  stop  said  work 
of  construction  or  cancel  this  contract,  or  resort  to  any  other  lawful  remedy,  and  the 
decision  of  the  Secretary  of  the  Interior  whether  said  surveys  and  specifications  or 
modifications  thereof  have  been  complied  with  shall  be  final  and  conclusive.  The 
district  shall  make  complete  detailed  progress  reports  of  the  said  construction  work 
upon  demand  of  the  Secretary  of  the  Interior.  The  cost  of  the  inspection  on  the  part 
of  the  United  States  provided  by  this  section  shall  be  paid  by  the  district  to  the  United 
States  upon  demand. 

9.  For  the  right  to  use  the  Laguna  Dam,  the  main  canal,  and  appurtenant  struc- 
tures, and  divert  water,  as  herein  provided,  the  district  agrees  to  pay  to  the  United 
States  the  sum  of  $1,600,000  in  20  installments,  the  first  of  which  shall  become  due  and 
payxible  December  31,  1919,  and  subsequent  installments  annually  thereafter.  The 
&Bt  four  installments  shall  each  be  2  per  cent.,  the  next  two  installments  each  4 
per  cent.,  and  the  next  fourteen  each  6  per  cent,  of  the  total  amoimt.  Upon 
failure  of  the  district  to  make  any  such  payment  at  the  time  and  in  the  amount  speci- 
fied, then  all  rights  under  this  contract  shall  be  at  an  end,  and  all  payments  theretofore 
made  '^W^  become  forfeited  to  the  United  States  as  liquidated  damages;  and  as  a 
further  consideration  for  entering  into  this  contract  on  the  part  of  the  United  States, 
ihe  dktanct  hereby  releases  and  relinquishes  any  and  all  claims  whatsoever  for  said 
iiMm^  or  any  portion  thereof  so  fOTfeited  and  paid  as  liquidated  damages:  Provided, 
Hbat  the  Secretary  of  the  Interunr  may  in  his  discretion  extend  the  time  for  any  such 
payment  npon  the  payment  of  7  per  cent  interest  in  advance. 

10.  Snbject  to  tibe  provisions  of  the  reclamation  act  of  June  17, 1902  (32  Stat.,  388), 
and  acts  amendatcnry  therecrf  and  supplementary  l2iereto,  the  United  States  shall 
liaive  and  letun  perpetually  the  title  to  and  the  complete  control,  operation,  and 
ttfloagement  of  said  Laguna  Dam,  auxiliary  works,  and  enlarged  main  canal  from 
tike  dam  to  and  indlii^Qng  the  sipIuA  drop  with  appurtenant  structures  as  enlarged, 
including  flie  diversion  works  at  siphon  drop  for  the  diversion  and  delivery  of  wat^ 
to  tb&Tuma  pnqect  and  the  district.  The  district  shall  pay  the  United  SUtes,  quar- 
terly, on  demand,  April  1,  Jnly  1,  October  1,  and  December  31,  its  proportionate 
sliaie  of  the  cost  of  operation  and  maintenance  of  said  dam,  auxiliary  works,  and 
«nLuged  main  canal  for  the  preceding  quarter,  such  payment  by  the  district  to  bear 
the  same  ratio  to  the  total  cost  of  such  operation  and  maintenance  as  the  amount  of 
water  received  by  the  district  at  the  point  of  delivery  to  the  district's  canal  at  siphon 
4iop  beam  to  the  total  amoant  of  wator  curied  m  eaid  mam  canal  ^t  that  point  plus 
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the  amoimt  of  water  diverted  from  the  canal  above  the  siphon  drop  for  use  on  the 
Yuma  project  lands:  Provided,  That  such  extraordinar>^  expense  as  may  be  caused 
by  the  operation  of  such  desilting  works  as  may  be  necessar\^  to,  as  nearly  as  may  be, 
maintain  the  efficiency  of  the  desilting  works  at  Laguna  Dam,  as  such  ofiifiency 
would  be  were  the  Yuma  project  fully  developed,  shall  be  borne  by  Imperial  Irri- 
gation District.  Such  extraordinary  expense,  if  any,  shall  be  determined  by  the 
Secretary  of  the  Interior.  If  the  district  fails  to  pay  to  the  United  States  within 
30  days  after  rendition  of  bill,  all  operation  and  maintenance  charges  as  determined 
by  the  Secretary  of  the  Interior  as  they  become  due,  the  Secretary  of  the  Interior, 
in  addition  to  any  other  remedy  which  may  be  available  to  him  for  recoA  cry  of  such 
chaiges,  is  authorized  to  shut  off  water  from  the  intake  of  the  district  until  such  time 
as  all  sums  due  have  been  paid)  with  interest  thereon  at  the  rate  of  7  per  cent  per 
annum,  from  rendition  of  bill. 

11.  The  United  States  reserves  the  right  to  arrange  for  the  connection  with  and 
use  of  Laguna  Dam  on  such  terms  as  the  Secretary  of  the  Interior  may  deem  expe- 
dient, by  any  other  irrigation  enterprise,  district,  corporation,  or  individual;  also  of 
the  headworks  and  main  canal  and  other  governmentally  constructed  works  and  works 
constructed  jointly  by  these  parties,  after  proper  enlai^ement  and  modification,  on 
terms  herein  stipulated,  without,  however,  impairing  the  utilization  of  said  dam, 
canal,  and  other  works  to  the  extent  necessary  to  inigate  the  lands  within  the 
boundaries  of  Imperial  Irrigation  District. 

12.  The  United  States  reserves  the  right  to  develop  power  with  the  water  in  the 
enlaj^d  main  canal  down  to  and  including  siphon  drop.  All  other  power  possi- 
bilities in  the  main  canal  down  to  and  including  some  convenient  power  site  near 
Pilot  Knob  shall  be  developed  by  the  United  States  to  the  extent  deemed  expedient 
by  the  Secretary  of  the  Interior,  at  the  joint  expense  and  for  the  joint  benefit  of  the 
Yuma  project  and  the  Imi)erial  Irrigation  District  as  herein  provided.  The  appor- 
tionment of  the  cost  of  canal  and  headworks  alterations  and  enlargement,  and  of 
canal  extension  frem  the  Laguna  Dam  to  the  site  selected  for  power  development 
near  Pilot  Knob,  shall  be  made  to  the  United  States  (for  the  Yiuna  project)  and  to 
the  Imperial  Irrigation  District,  in  the  proportion  that  2,000  second-feet  bears  to  the 
total  canal  enlargement,  less  2,000  second-feet.  The  cost  of  constructing  power 
plants,  laransmission  lines,  and  other  power-plant  accessories  shall  be  also  app(»tioned 
to  Yuma  project  and  the  district,  respectively,  in  the  ratio  that  8,500  water  hoceepower 
bears  to  the  a^^regato  water  horsepower  capacity  of  the  plant  installed. 

The  operation  and  maintenance  of  any  such  power  plant  or  plants  constructed  for 
joint  benefit  and  the  sales  of  power  theieiirom  shall  be  under  the  control  of  the  Secre- 
tary of  the  Intmor,  and  charges  for  commercial  power  shall  be  upon  rules  adopted 
by  the  Secretary  of  the  Intmcnr  applying  equally  to  both  vallejrs.  Such  power  as 
in  the  judgment  of  the  Secretary  of  the  Interior  is  necessary  for  pumping  and  other 
op^wtion  and  maintenance  purposes  shall  be  delivered  to  the  Yuma  project  and  to 
the  Imperial  Irrigation  District  at  the  cost  of  development  thereof,  plus  10  x>er  cent, 
said  cost  to  include  intexeet  at  5  per  cent  per  annum  on  the  capital  invited  in  power 
plants,  tranamisnon  lines,  ami  power-plant  accessories,  and  also  a  proportional  part 
of  the  headwt^ks  and  canal  enlaigement  from  Laguna  Dam  to  PUot  Knob,  detennined 
by  &e  relation  2,000  second^feet  beam  to  the  total  eidaiged  canal  capacity  and  reason- 
able depredation  as  may  be  detennined  by  the  Secretary  (rf  the  Interior.  The  prefer- 
ence r%ht  to  pnrdiaae  pomit  develi^ied  at  Ibe  price  herein  specified  shall  be  given 
imi  o^ier  uses  of  power,  to  the  reqnireraents  of  the  Yuma  project  (limited  to  an  area 
not  exeeedii^  120,000  acres)  lor  powiw  to  be  used  in  pumping  in^tion  water.  The 
prints  from  power  sales  power  leases  shall  be  divMed  between  tibe  Yuma  project 
and  the  bnperial  Iriii^n  District  in  the  im^^ 

in  power  plants,  trawmisBion  Ihaes,  and  powca^plant  accessories,  and  in  the  canU 
aod  headworitt  alt^atioBs»  canal  enlaqjment,  and  canal  extenrion  from  the  LagtoMk 
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Dam  to  and  including  the  power-house  site  tiear  Pilot  Knob,  to  be  determined  by 
the  Secretary.  In  case  capacity  be  also  provided  by  enlargement  for  the  irrigation 
of  lands  in  tlie  United  States  outside  of  the  Imperial  Irrigation  District,  then  the  cost 
of  enlargement  computed  as  above  as  chargeable  to  the  Imperial  Irrigation  District 
shall  be  borne  by  such  district  and  such  other  lands  in  the  ratio  of  their  respective 
irrigable  acreages.  The  cost  of  any  works  used  jointly  by  several  irrigation  enter- 
prises below  the  point  near  Pilot  Knob  where  power  is  developed  shall  be  apportioned 
equitably  by  the  Secretary  of  the  Interior.  No  water  shall  be  diverted  for  power 
purposes  from  such  main  canal  below  siphon  drop  at  any  time  when  such  water  shall 
be  required  for  irrigation  of  lands  being  irrigated  therefrom  in  Imperial  County. 

13.  It  is  understood  and  agreed  that  the  connection  with  Laguna  Dam  herein 
provided  for  is  to  be  constructed  as  a  part  of  an  all- American  canal,  which  the  district 
hereby  agrees  to  build  at  as  early  a  date  as  possible  and  within  reasonable  time;  and 
when  the  district  shall  have  completed  said  ail-American  canal  it  shall  have  the 
right  to  drop  water  at  some  other  point  than  the  vicinity  of  Pilot  Knob  for  power 
development,  and  in  this  event  agrees  to  place  at  the  disposal  of  the  United  States 
at  Pilot  Knob,  or  some  other  point  to  be  agreed  upon,  such  power  in  addition  to  that 
generated  at  Pilot  Knob  as  in  the  judgment  of  the  Secretary  of  the  Interior  is  necessary 
for  pumping  and  other  irrigation  operation  and  maintenance  purposes  of  the  Yuma 
project  or  any  auxiliary  thereof,  not  in  excess  of  8,500  water  horsepower  in  the  aggre- 
gate, at  the  cost  of  development  thereof  at  the  power  house,  plus  10  per  cent,  said  cost 
to  include  interest  at  5  per  cent  and  reasonable  depreciation  as  determined  by  the 
Secretary  of  the  Interior.  All  power  development,  operation,  and  maintenance  of 
power  plants  on  the  all-American  canal,  and  sales  of  power,  shall  be  under  the  control 
of  the  Secretary  of  the  Interior,  and  charges  for  commercial  power  shall  be  upon 
rules  adopted  by  the  Secretary  of  the  Interior,  applying  equally  to  both  Imperial 
and  Yuma  Valleys.  The  profits  from  commercial  powf^r  shall  be  divided  between 
the  Imperial  Irrigation  District  and  the  Yuma  project  in  ratio  of  their  respective 
investments  in  power,  including  the  enlargements,  alterations,  and  extensions  of  the 
headworks  and  main  canal  down  to  and  including  the  power-house  site  near  Pilot 
Knob,  plus  investments  in  the  power  plants,  power  house,  transmission  lines,  and 
other  acce^^sories.  In  dividing  profits,  the  district  shall  be  credited  with  the  net 
revenue  from  the  amount  of  power  by  which  the  total  ]>ower  output  is  increased  by 
the  all-American  canal  west  of  Pilot  Knob,  which  shall  be  determined  by  the  Secretary 
of  the  Interior,  Power  delivered  to  Imperial  Irrigation  District  for  pumping  and 
otlier  irrigation  operation  and  maintenance  purposes  shall  be  delivered  on  the  same 
terms  as  power  delivered  to  the  Yuma  project  for  said  purposes. 

14.  It  is  understood  and  agreed  that  the  Secretary  of  the  Interior  shall  control  the 
division  of  water  and  shall  divert  for  use  of  the  Yuma  project  or  any  auxiliary  thereo 
as  heretofore  or  hereafter  undertaken  by  the  United  States  within  the  present  boun** 
daries  of  the  United  States  and  not  exceeding  120,000  acres  sufficient  water  to  secure 
the  permanent  and  economical  reclamation  thereof,  not  exceeding,  however,  one- 
quarter  of  the  water  in  the  river  above  Laguna  Dam.  The  foregoing  applies  only  to 
the  natural  flow  of  the  (^olorado  River,  and  not  to  storage  water,  which  shall  be  deliv- 
ered to  the  party  entitled  thereto. 

The  United  States  makes  no  guaranty  or  representation  as  to  the  quantity  of  water 
that  may  be  available  without  storage  for  delivery  to  the  district  under  this  contract- 
and  shall  not  be  responsible  for  failure  to  deliver  water  under  this  contract  caused  by 
insufficient  supply  of  water  in  the  Colorado  River,  hostile  diversion,  or  drought, 
interruption  made  necessary  by  repairs,  nor  on  account  of  any  valid  order  or  decree 
of  a  competent  court;  nor  for  any  damages  by  floods,  acts  of  hostility,  or  unavoidable 
circumstances;  nor  for  loss  of  crops  or  other  damage  caused  by  nondelivery  of  water. 

15.  It  is  understood  and  agreed  that  the  district  shall  have  the  right  at  any  time  to 
extend  its  boundaries  within  the  United  States  and  water  additional  lands  upon  pay- 
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ment  of  same  amount  per  acre  as  irrigable  lands  in  present  Tm])erial  Irriiration  District 
are  to  pay  under  terms  of  this  contract.  This  right  to  be  also  available  on  same  condi- 
tions to  Yuma  project,  additional  to  120.000  acre.^  herein  mentioned.  All  proceeds 
from  payments  on  accoimt  of  initial  connection  charges  assessed  to  and  collected 
from  suc'h  new  lands  shall  be  used  under  the  direction  of  the  Secretary  of  the  Interior  ^ 
for  the  construction  of  storage  works  for  the  benefit  of  the  lands  contributing. 

16.  This  contract  shall  not  become  effective  until  the  eame  diall  have  been  didy 
ratified  and  confirmed ,  in  accordance  with  law,  by  a  vote  of  the  pec^le  of  the  Impmal 
Irrigation  District,  and  unless  it  flhall  be  flo  tadfied  within  mx  months  from  the  date 
of  execution  hereof  by  the  Secretary  of  the  Interior  it  eludl  become  void  and  of  no 
further  effect. 

17.  In  case  of  foilure  on  the  part  of  the  district  to  pfovide  for  bc^ning  the  work 
of  mlaigwent  of  the  Yuma  main  anal  within  two  years  from  the  date  hereof,  the 
Secretary  of  the  Int^ior  elmll  have  the  rig^t  to  abrogate  this  contmct. 

18.  No  Member  of  or  Delegate  to  bongreos,  or  Residrat  GommissioBer  after  his 
election  or  appdntm^t,  or  etlSier  before  or  after  he  has  qualified  and  during  his 
Gcmtinuance  in  <*ce,  and  no  iMcex,  ag^at,  or  enqdoyee  of  the  Government  shall  be 
admitted  to  any  tsbaxe  &t  part  of  fliis  contract  or  agreement,  or  to  way  benefit  to  arise 
Ui^upon.  Nothing,  howevw ,  h&tmn  omtained  dull  be  construed  to  extend  to  any 
incoipomted  company,  where  such  contract  or  agreement  is  made  for  the  general 
braefitof  sttdiincorpomtionorcompany,  aspfovided  inflection  116  of  the  act  of  Con- 
gress appioved  Vbixch  4, 1909  (35  Stat.  L.,  1109). 

In  witnem  vrhmof  the  parties  h^to  have  caused  the  execution  of  these  presents 
M  of  the  digr  amd  year  first  above  wiHten. 

The  IJNrrED  States  of  Am£juca, 

ByFaiiNKXiEN  K.  Lane. 

Secretary  of  the.  hiteriar. 
Imperial  Irrigation  District, 
By  LsROY  RohT. 


Part  II. 

REPORT  TO  THE  ALL-AMERICAN  CANAL  BOARD. 


By  Porter  J,  Peestox,  Engineer  in  Charge  ^ Surveys  and  Examinations. 


Yuma,  Amz.,  June  17, 1919. 
To  the  Au>Ambrioan  Cakal  Boabd: 

INTBOIHJCTORY. 

(a)  A  contract  was  entered  into  by  the  Secretary  of  the  Interior 
and  the  directors  of  the  Imperial  Irrigatioii  District  on  February  16, 
1918,  for  a  ^^ccmiiAete  inYefitigation,  survey,  ftnd  cost  estimate  of  an 
allrAmerican  canal  from  Laguna  Dam,  Arizona-Oalifomia,  into  the 
Imperial  Valley."  The  contract  further  provides,  ^'in  order  to  deter- 
mine the  possibility  and  feasibility  of  carrying  an  adequate  supply 
of  water  for  the  irrigation  of  said  lands  in  the  Imperial  Valley  that 
such  smrveys  shall  be  made  in  suflBident  detail,  so  that  the  charactw 
snd  cost  of  development  shall  be  shown";  such  surveys  shall  ako 
investigate  the  ways  and  means  by  which  power  may  be  developed 
as  an  incident  to  the  construction  of  such  irrigation  works  and  the 
value  and  possible  uses  thereof. 

(&)  Under  the  terms  of  the  contract  and  the  conditions  now  exist- 
ing concerning  the  irrigation  system  of  the  Imperial  Irrigation  Dis- 
trict, the  cost  of  development  above  mentioned  seems  to  refer  to  a 
main  canal  heading  at  Laguna  Dam  and  connecting  with  the  main 
distributing  canals  of  the  irrigation  district.  Our  investigations  were 
therefore  conjSned  to  a  survey  and  investigation  of  this  main  canal 
from  L^una  Dam  to  connect  with  the  west-side  mfun  canal,  and 
thereby  intercepting  all  the  other  distributing  canals  of  the  irriga- 
tion district  and  at  the  same  time  being  able  to  serve  the  new  lands 
from  properly  designed  distributing  canals. 

(e)  A  study  was  made  of  the  available  data  in  the  Yuma  office  of 
the  United  States  Keclamation  Service,  and  early  in  March,  1918,  a 
survey  was  commenced.  Frequent  meetings  and  conferences  have 
been  held  with  the  board  and  individual  members  of  the  board  from 
time  to  time,  and  their  counsel  and  advice,  aside  from  their  official 
duties  imder  the  ecmtract,  have  been  of  material  assistance  in  the 
work  of  making  the  surveys  and  the  preparation  of  this  report* 
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FBBUMINAEY  BEPOST. 

(a)  On  Decemoer  7,  1918,  a  preliminary  report  was  made  to  the 
board  of  en^eras  in  order  to  furnish  certain  infonnation  to  tiie 
Imperial  Irrigation  District. 

(6)  The  board  of  directors  of  the  Imperial  Irrigation  District 
entered  into  a  contract  with  the  Secretary  of  the  Interior  on  October 
23,  1918,  for  a  connection  with  Laguna  Dam  and  for  the  construc- 
tion of  an  all-American  canal  upon  the  line  located  and  approved 
as  provided  by  the  temus  of  the  cooperative  cont»*act  of  Februaiy  16, 
1918.  Under  the  terms  of  the  above-named  contract  of  October  23, 
1918,  it  was  necessary  to  submit  the  contract  to  a  vote  of  the  irrigar 
tion  district  for  their  ratification  within  six  months  from  the  date  of 
Soling.  The  direct<»s  of  the  Imperial  Irrigation  District,  wishing 
to  submit  the  contract  to  a  vote  at  an  early  date,  requested  that  a 
preliminary  report  be  made  in  order  that  they  might  be  able  to  place 
all  the  information  possible  before  the  people  of  the  irrigation  district. 

(c)  The  present  report  is  to  a  large  extent  a  repetition  of  the  pre- 
limmary  report,  with  some  slight  modifications  in  the  estimates  of 
cost  and  some  additions. 

SABUEB  SOBVETO. 

(a)  Several  surveys  and  estimates  have  heretofore  been  made  for 
the  purpose  of  diverting  watw  at  Laguna  Dam  into  the  Impoial 
Valley  and  onto  the  mesa  lands  by  what  has  been  termed  a  high-line 

canal.  These  surveys  followed  along  the  route  and  contemplated 
the  enlargement  of  the  present  Yuma  main  canal  from  Laguna  Dam 
to  siphon  drop,  and  thence  along  the  base  of  the  hills  bordering  the 
valley  from  this  latter  point  to  the  Southern  Pacific  main-line  track. 
From  this  point  the  surveys  followed  the  right  bank  of  the  Colorado 
River,  generally  parallel  therewith  and  but  a  short  distance  from  the 
river  bank,  to  a  point  near  the  international  boundary  line.  From 
this  latter  point  the  plans  followed  by  the  several  surveys  have  dif- 
f      to  some  extent  and  are  described  below  in  more  detaiL 

(Jb)  1903  and  1904  the  United  States  Geological  Survey  made  a 
topographic  survey  of  the  Yuma  project  on  the  California  side  of 
the  river,  extending  the  topography  to  the  international  boundary, 
and  thence  westerly  for  about  2  miles,  covering  a  strip  along  and 
parallel  with  the  boundary  and  about  500  feet  in  width. 

(c)  In  1908  the  Reclamation  Service  made  a  topographic  survey 
of  the  greater  portion  of  the  mesa  east  of  the  present  Imperial  east 
high-line  canal  as  far  north  as  the  Southern  Pacific  Railroad,  At  this 
time  some  preliminary  lines  were  run  for  a  highrline  canal  south  of 
tiie  sand  hills  through  Mexican  territory. 

{d)  In  .  1913  the  Imperial  Irrigation  District  made  a  preliminary 
survey  for  an  all-American  aqueduct  of  a  capacity  of  about  3,667 


74 


THE  MSLrASmmiAS  CASAL. 


second-feet  through  the  sand  hiUs.   This  smrey  followed  along  and 

parallel  with  the  international  boundary  from  a  point  just  west  of 
Hanlon  heading  to  a  point  near  the  present  east  high-line  canal. 

(e)  In  1916  and  1917  the  Imperial-Lagiina  Water  Co.  made  sur- 
veys for  an  ail-American  canal  along  practically  the  same  route  fol- 
lowed by  the  Imperial  Irrigation  District  in  1913,  except  it  only 
extended  westerly  to  a  point  where  the  mesa  lands  could  be  served. 
The  early  plans  of  this  company  contemplated  a  canal  of  1,865  second- 
feet  through  the  sand  hiUs.  Later  the  company  planned  a  canal  of 
4,100  second-feet  capacity. 

if)  The  data  and  maps  of  these  different  surveys  were  available 
and  have  been  made  use  of  in  making  the  surveys  and  estimates. 

SURVEYS. 

(a)  In  1917  a  survey  was  made  by  the  Reclamation  Service  for  a 
power  canal  from  Siphon  Drop  to  a  proposed  power  site  near  Araz. 
Very  careful  and  complete  topography  had  been  taken  over  this 
section.  The  previous  year  cross  sections  had  been  taken  on  the 
main  Yuma  Canal  from  laigm&  Dam  to  Siphon  Drop.  It  was  found 
that  we  could  use  all  of  this  work,  and  therefore  the  survey  was 
taken  up  at  the  end  of  the  proposed  power  canal  near  Araz  and 
extended  southwesterly  to  a  point  on  the  east  side  of  Pilot  Knob.  At 
this  point  it  will  be  necereary  to  either  construct  a  large-sized  tunnel 
or  an  open  cut  for  about  800  feet  through  a  rocky  spur  of  Pilot  Knob 
which  projects  out  to  the  east  from  the  main  mountain.  This  is  the 
only  feasible  route  and  is  necessary  in  order  not  to  interfere  with  the 
Imperial  Irrigation  District's  quarries. 

From  this  point  tiie  line  continues  in  the  same  general  course  to  a 
point  400  feet  north  of  the  international  boundary  and  thence  paral- 
lels the  boundary  to  a  point  well  within  the  blow-sand  area.  From 
this  point  the  hne  runs  to  the  northwest,  keeping  well  on  the  mesa 
floor  among  amall  sand  dunes  not  exceeding  12  or  15  feet  in  height- 
At  a  point  about  2  miles  north  of  the  international  boundary  the  line 
takes  a  southwesterly  course  through  an  open  mesa  for  more  than  a 
mile  and  then  again  swings  to  the  northwest  through  a  high  blow-sand 
ridge  for  3,000  feet,  entering  another  open  mesa,  locally  known  as 
Government  Gap.  Pasang  through  this  mesa  from  east  to  west  for 
about  li  miles,  the  canal  takes  a  southwesterly  course,  crossing  two 
main  sand  ridges  totaling  about  1|  miles,  where  it  emerges  onto  tiie 
east  side  mesa  with  a  water  surface  about  25  feet  below  the  level  of 
the  mesa,  continuing  this  same  course  until  it  reaches  a  point  400 
feet  north  of  the  mtemational  boundary,  thence  along  the  boundary 
to  international  monument  No.  213,  where  the  line  runs  skwnewhat 
north  of  the  boundary,  keeping  generally  a  westerly  course,  in  order 
to  take  advan  tage  of  the  topography  of  the  ground.    As  the  line  nears 
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the  east-side  high-line  canal  it  again  approaches  the  boundary  and 
follows  along  it  to  the  west-side  main  canal,  except  for  a  detour  in 
order  te  get  around  the  city  of  Calexico,  and  to  obtain  a  better 
croasmg  of  New  River.  The  general  map  of  the  all-American  canal 
(Exhibit  A)  shows  the  location  of  the  canal  from  Laguna  Dam  to  <lie 
w^t-side  main  canal.  The  map  shows  the  approximate  location  of 
canal  structures  and  other  prominent  features  adjacent  to  the  line. 

(6)  Thxou^out  the  blow-sand  areas  two  alternate  routes  were 
surveyed,  one  along  the  boundary,  which  is  about  1}  nules  ahorto*  ^an 
the  line  above  described  but  contains  1 ,800,000  cubic  yards  more  exca- 
vation. The  second,  to  the  north  of  the  adopted  line,  was  surveyed 
for  the  purpose  of  avoiding  the  first  big  sand  ridges  described  above. 
This  line  is  about  mie-half  mile  longer,  but  contains  200,000  cubic 
yards  less  excavation  (see  Exhibit  A). 

(c)  Topography  was  completed  and  extended  on  the  section  south 
of  Pilot  Knob,  and  a  strip  of  topography  2,000  feet  in  width  was  taken 
on  the  lines  thxou^  ihe  sand  hills.  Additional  topography  was  taken 
at  Laguna  Dam,  along  the  Southern  Pacific  tracks  near  Anus,  Alamo 
River,  and  New  River  crossings. 

id)  All  the  topography  taken  and  available  was  plotted  on  a  scale 
<rf  400  feet  to  the  inch.  This  is  shown  on  37  sheets  which  are  on  file 
in  the  Yuma  office.  A  profile  of  the  canal  from  Siphon  Drop  to  the 
west-side  main  canal  on  a  scale  of  500  feet  to  the  inch  is  also  on  file  in 
the  Yuma  office. 

IRBIGABLE  ACREAGE. 

(a)  The  irrigable  acreage  of  the  Imperial  Irrigation  District  now 
within  the  district  boundaries  is  about  515,000  acres,  all  of  which  can 
be  reached  by  gravity  through  an  all-American  canal,  with  the  excep- 
tion of  two  or  three  sections  near  the  international  boundary  west  of 
New  River,  upon  which  it  will  be  necessary  to  pump  the  water.  The 
west-side  main  canal  can  be  made  to  serve  another  possible  40,000 
acres. 

{b)  In  the  east-«ide  mesa  district  there  is  estimated  to  be  140,000 
acres,  and  to  the  north  of  the  Southom  Pacific  Railroad,  east  and 
north  of  the  Salton  Sea,  including  the  Coachella  Valley  there  is 
another  200,000  acres,  making  a  total  of  895,000  acres  that  can  be 
served  by  a  gravity  system. 

(c)  III  consultation  with  the  board  of  engineers,  it  was  decided  to 
adopt  900,000  acres  as  tiie  basis  upon  which  to  make  the  estimates. 

WATER  DOTT. 

(a)  In  designing  the  capacity  of  a  canal  to  serve  900,000  acres  of 
land  the  wiftiriTnnni  amounts  required  and  the  canal  losses  are  the 
main  factors  to  be  considered.   A  study  of  the  water  deliveries  on  the 
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Yuma  project  from  1912  to  1918,  inclusive,  show  that  the  average 
amount  delivered  to  the  land  was  3.74  acre-feet  per  acre  and  the 
maximum  required  in  any  one  month,  averaging  the  years,  was  13.3 
per  cent,  <»r  0.48  acre-foot  per  acre,  as  shown  by  the  acc<»npaay]iig 
table.  It  must  be  remembered  that  dunng  the  period  covered  by 
the  table  the  Yuma  project  was  bringing  new  land  under  cultivation 
each  year,  which  required  more  water  than  the  older  irrigated  lands. 
With  as  large  an  acreage  as  we  have  here  under  consideration  and 
considering  that  so  lai^  a  pwtion  of  it  is  land  &at  has  been  \iiider 
irrigation  for  a  number  of  years,  it  has  been  considered  that  a  duty  of 
3.33  acre-feet  per  acre  to  the  land  will  be  ample.    If  it  is  assumed 
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that  the  maximum  to  be  delivered  in  any  one  month  does  not  exceed 
13.5  per  cent  of  the  whole,  then  0.45  acre-foot  per  acre  per  month 
delivered  to  the  land  will  be  suihcient.  The  losses  in  the  canals  are 
not  anticipated  to  be  exces&dve  after  they  are  tiioroughly  seasoned. 
The  present  practice  of  the  Imperial  Irrigation  District  is  to  deliver 
the  water  to  the  mutual  companies  with  an  allowance  of  10  per  cent 
for  losses  in  the  distributing  canals.  The  losses  for  1915  as  based 
upon  the.  whole  year  seem  to  be  in  excess  of  this  amount,  but  taking 
the  losses  during  tibte  three  maximum  months  of  June,  July,  and 
August  the  losses  in  flie  distributing  system  seem  to  be  less  Iban  10 
per  cent  of  the  amount  of  water  diverted  at  Hanlon's  heading.  Dur- 
ing these  same  months  the  losses  from  Hanlon's  heading  to  the  point 
of  delivery  into  the  mutual  canals  average  nearly  21  per  cent,  but 
during  the  month  of  maximum  dischai^  th^  is  considerable  over* 
flowing  of  the  canal  banks  and  ponding,  wluch  increases  the  lot^ 
considerably. 

(6)  During  the  season  of  1913  the  Reclamation  Service  made  some 
measurements  for  tilie  loss  of  w&tw  due  to  seepage  upon  some  of  the 
main  canals  and  latearals.  These  results  gave  a  loss  of  0.64  foot  m 
depth  per  24  hours  for  the  larger  canals  to  2  feet  for  the  smaller  lat- 
erals, with  a  mean  of  1.17  feet  for  all  the  observations. 

(c)  Assuming  a  loss  of  1.2  feet  in  depth  over  the  wetted  perimeter 
per  24  hours  would  give  the  following  losses  for  a  canal  from  Laguna 
Dam  to  the  Alamo  River:  Laguna  Dam  to  siphon  drop  (of  amount 
diverted),  170  second-feet,  or  1.6  per  cent;  siphon  drop  to  Pilot  Knob 
(of  amount  at  siphon  drop),  112  second-feet,  or  1.25  per  cent;  Pilot 
Knob  to  east-side  mesa  canal  (of  amoimt  at  siphon  drop),  286  second- 
feeti  or  3.2  per  cent;  east-side  mesa  canal  to  the  Alamo  Eiver  (of 
amount  at  siphon  drop),  206  second  feet,  or  2.3  per  cent;  &  total  lose 
of  774  second-feet  from  the  Laguna  Dam  to  the  Alamo  River,  or  7.3 
per  cent  of  the  amount  diverted  at  Laguna  Dam.  It  is  the  intention 
to  have  the  canal  of  sufficient  capacity,  with  a  6-foot  freeboard,  to 
care  for  all  the  storm  waters  entmng  the  canM  from  Laguna  Dam 
to  Araz  where  the  excess  water  may  be  wasted,  There  are  certain 
seasons  of  the  year  when  the  canal  would  be  free  of  any  danger  of  flood 
waters,  and  at  a  season  when  there  is  excess  water  passing  over 

•Laguna  Dam  it  may  be  desirable  to  crowd  more  water  into  the  canal. 
Occasions  will  aiso  arise  when  one  pwtion  of  a  systm  will  require 
more  water  than  another.  For  these  reasons  it  was  deemed  as  well 
for  this  estimate  to  figure  the  canal  capacities  as  though  there  were  no 
losses  in  the  canal  due  to  seepage  and  evaporation. 

(d)  In  a  report  made  by  Elwood  Mead,  D.  C.  Henny,  and  Joseph 
Jacobs  on  Irrigation  and  Flood  Protection  Problems  of  the  Imperial 
Valley,  Cialifomia,  dated  March  5,  1917,  they  concluded  that  all  the 
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losses  could  be  reduced  to  25  per  cent.  (See  Exliibit  H  of  their  report.) 
This  seems  to  be  a  reasonable  assumption  when  the  maximum  capac- 
ity of  the  eanal  is  imder  considOTation.  Upon  this  basis,  the  maxi- 
mum  diversion  at  Lagima  Dam  wovld  be  0.60  second-4oot  per  aore, 
or  a  duty  of  1  second-foot  for  100  acres. 

BLOW  SAND. 

(a)  The  canal  will  have  a  length  of  10.1  miles  through  the  blow 
sand  section.   The  first  H  miles  is  through  a  region  of  low  sand  dunes 

and  open  mesa.  The  sand  dunes  do  not  exceed  12  to  15  feet  above 
the  mesa  floor  and  are  moving  over  the  mesa  in  the  general  direction 
of  northwest  to  southeast  The  sand  is  of  a  very  fine  character,  99 
per  cent  of  which  will  pass  a  No.  60  sieve.  The  open  mesas  are  of 
small  area,  except  the  last  mile  of  this  section,  upon  which  there  are 
very  few  sand  dunes  moving.  The  next  0.7  mile  is  mainly  through  a 
sand  ridge,  which  reaches  a  height  of  100  feet  above  the  mesa  floor  on 
^ther  ride.  This  sand  is  of  the  same  general  character  as  the  smaller 
dun^,  but  as  a  whole  has  a  much  smaller  movement.  For  the  next 
1.4  miles  the  canal  is  through  an  opvn  mesa  with  only  here  and  there 
a  small  moving  dune  on  its  surface,  but  throughout  this  length  it  is 
flanked  on  both  sides  by  high  sand  hills  reaching  an  elevation  of  more 
tiian  200  feet  above  the  mesa  floor.  The  last  1 1  miles  is  across  two 
main  sand  ri%es,  reaching  elevations  of  60  and  80  feet  above  the  mesa 
floor,  with  practically  no  open  mesa.  The  easterly  one  of  these 
ridges  consists  of  a  number  of  more  rapidly  movii^  dunes  upon  the 
more  stable  sand  of  the  two  flanking  hills  mentioned  in  the  preced- 
ing section.  At  this  point  the  two  flanking  hills  come  together  and 
completely  cover  the  mesa  floor.  The  last  of  these  ridges  contains  a 
much  coarser-grained  sand  on  the  surface,  which  requires  a  stronger 
wind  to  set  in  motion. 

(6)  Early  in  the  fall  of  1918  a  few  areas  and  cross  sections  were 
selected  and  carefully  mapped  and  measured  in  order  to  study  the 
direction  and  rate  of  movements  of  the  blowing  sand.  The  test  pits 
were  also  left  open  to  catch  the  drifting  sands  and  measurementsmade 
to  detect  the  rate  of  filling  up.  In  connection  with  these  investiga- 
tions the  daily  wind  records  of  the  United  States  Weather  Bureau  at 
Yuma,  Ariz.,  for  the  past  several  years  have  been  collected  and 
plotted.  The  investigations  have  not  as  yet  covered  sufllcient  timtf 
to  lead  to  definite  conclusions  upon  the  movement  of  the  drifting- 
sand,  but  the  following  general  facts  have  been  shown: 

1.  The  fine  sand  on  the  eastern  and  central  portion  of  the  main 
sand  ridge  moves  with  winds  exeeediug  10  miles  per  hour,  and  on 
the  west  portion  it  takes  a  somewhat  stronger  wind  to  set  the  coarser- 
grained  sand  in  motion,  and  there  is  a  smaller  quantity  moved  with, 
a  given  wind  velocity  than  on  the  central  and  eastern  portion. 
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2.  That  the  general  movement  is  in  the  direction  of  the  resultant 
of  the  winds  and  is  in  general  from  a  httle  west  of  northwest  to  a 
little  east  of  southeast. 

3.  That  by  far  the  larger  portion  of  the  sand  moves  in  the  form 
of  small  dunes.  'Hiese  traveling  dunes  are  often  upon  the  surface 
of  the  larger  sand  hills.  They  usually  form  upon  the  northwest 
side  of  the  main  sand  hdl  from  the  sand  of  the  main  hill  on  its  wind- 
ward side;  gradually  movii^  across  the  surface  of  the  lai^er  hill 
and  finally  losing  its  identity  on  the  leeward  side  of  the  crest  in  the 
main  sand  hill.  In  the  eastern  portion  of  the  sand  ridge  the  dunes 
are  usuaUy  small,  moving  upon  a  practically  level  sandy  mesa  floor. 

4.  On  the  windward  side,  the  sand  dune  has  a  very  flat  slope  up 
to  about  3  to  1  and  on  the  leeward  side  as  ste^  as  1.75  to  1. 

5.  The  larger  portion  of  the  moving  sand  moves  in  the  first  2  or  3 
feet  of  air  above  the  surface  of  the  sand  dune  in  the  same  manner 
as  the  bed  load  of  a  stream  is  carried,  and  after  being  blown  over 
the  crest  falls  on  the  leeward  side  near  the  top,  the  bottom  building 
forward  by  the  sand  sliding  down  the  steep  leeward  dope. 

6.  The  smaller  in  height  a  sand  dune  is  the  faster  it  moves.  There 
are  constant  and  numerous  variations  and  exceptions  to  the  above, 
because  of  the  variable  direction  of  the  wind.  The  general  move- 
ment of  the  sand  dunes  is  diown  from  a  study  of  the  advance  of  the 
How  sand  from  the  mesa  formation  to  the  aDuvial  bottom  of  the 
Colorado  River,  along  the  southern  end  of  the  sand  ridge  in  Mexico. 
This  is  shown  in  figures  1  to  3,  Exhibit  D.  The  areas  surveyed  and 
mapped  early  in  the  fall  have  been  resurveyed  all  a  second  time  and 
part  the  third  time.  The  several  successive  surveys  show  some 
movement  and  in  general  it  is  in  the  direction  of  the  prevailing  wind, 
but  the  results  have  not  as  yet  been  sufficient  to  determine  the  rate 
of  movement  nor  to  deduce  any  definite  conclusions.  The  second 
measuremmits  of  the  cross  sections  on  the  big  sand  hills  show  some 
movement  toward  the  southeast  in  some  portions  of  the  cross  sections. 
However,  these  have  not  as  yet  been  observed  long  enough  to  ascer- 
tain their  rate  of  movement.  The  open  test  pits  have  shown  no 
filling  in  as  yet.  However,  they  were  nearly  all  located  in  pro- 
tected places  on  the  mesa  floor  at  some  littte  distance  from  any 
sand  dune,  so  that  a  n^ative  result  here  shows  very  littie  if  any 
value  as  to  the  movement  of  the  sand. 

(c)  Exhibits  Q  to  T/  inclusive,  show  the  wind  movement  at  Yuma 
for  1917  and  1918  and  tiie  resultant  direction  of  tiie  wind  for  these 
years.  Several  methods  haVe  been  considered  to  prevent  tiie  sand 
from  blowing  into  the  canal  and  to  remove  the  amount  that  may  blow 
into  the  excavated  section.  In  Egypt  the  movement  of  the  sand 
is  retarded  by  building  barriers  witii  wire  and  cotton  stalks  or  other 

1  Not  printed. 
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similar  material  as  a  temporary  means  and  by  the  irrigation  of  the 
sand  areas,  upon  which  grass  and  other  shrubs  are  started.  The 
soil  of  the  mesa  is  composed  of  sandy  material  with  sufficient  gravel 
mixed  in  so  that  when  distributed  in  the  spoil  banks  it  will  be  stable 
from  any  wind  moyement.  These  spoil  b^ks  are  to  .be  spread  out 
so  as  to  cover  a  strip  as  wide  as  construction  methods  wiH  permit 
on  each  side  of  the  canal.  During  the  period  of  construction  and 
the  first  years  of  operation,  temporary  barriers  will  be  neoessary,  or 
the  sand  that  drifts  behind  the  spoil  banks  upon  the  30«-foot  berm 
or  into  the  canal  must  be  removed.  To  cover  this  item  during  the 
period  of  construction  we  have  roughly  estimated  500,000  cubic 
yards  will  have  to  be  so  moved  from  the  canal  prism.  When  the 
canal  is  in  operation  the  area  for  1,000  to  1,200  feet  behind  the  spoil 
banks  can  be  irrigated  by  pumping,  so  ^t  grass  and  shrubs  may  be 
started,  to  hold  the  drifting  sand.  Hiis  mefliod  can  not  be  prac- 
ticed through  the  three  lai^  sand  ridges.  The  sand  entering  the 
canal  prism  in  these  sections  can  either  be  removed  by  suction 
dredges  from  the  canal  or  can  be  removed  from  the  canal  berm 
before  it  reaches  the  water  section,  by  steam  Novels  and  cars. 

id)  While  the  blow  sand  is  a  menace  and  will  need  constant 
attention  to  prevent  its  encroachment  upon  the  canal,  our  observa- 
tions, while  not  extending  over  a  sufficient  time  to  lead  to  final 
conclusions,  have,  however,  led  us  to  the  opinion  that  it  is  not  an 
obstacle  to  the  successful  and  economical  operation  of  a  large  canaL 
At  least  two  years  will  lapse  before  construction  on  tins  section  can 
be  undertaken,  during  which  time  further  studies  concerning  the 
sand  movement  and  methods  to  reduce  their  movement  should  be 
carried  on. 

CLASSIFICATION  OF  MAT£BIAU 

(a)  From  Laguna  Dam  to  siphon  drop  the  character  of  material 
is  either  shown  where  exposed  by  the  excavation  of  the  canal  or  in 
tke  abrupt  faces  of  the  bluffs  just  above  the  present  canal  prism  or 
in  the  log  of  the  original  test  pits.  The  rock  is  confined  to  the  first 
76  stations  below  the  dam.  The  balance  of  this  section  is  composed 
largely  of  sand,  gravel,  and  loose  rock,  with  some  sand  that  is  found 
well  compacted.  Below  station  76  the  material  is  of  a  character 
that  can  be  handled  by  steaib  shovels  or  drag  lines  without  the  me 
of  powder.  From  siphon  drop  to  Araz  11  test  pits  were  put  down 
several  years  ago  on  or  near  the  line  of  the  proposed  canal,  by  the 
Reclamation  Service.  These  show  the  material  to  be  sand,  gravel, 
and  compacted  sand,  all  of  which  can  be  handled  with  steam  shovels 
and  drag  lines  without  the  use  of  powder.  From  Axbiz  to  a  mile 
west  of  the  west  edge  of  the  sand  hills  during  the  last  14  months  a 
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number  of  test  pits  were  put  down  at  frequent  intervals,  mostly  in 
the  bottom  of  the  washes,  the  material  in  the  ridges  being  as  a  rule 
eixposed  on  the  steep  slopes  and  also  in  the  cuts  of  the  Southern 
Pacific  and  InterOalifoinia  Railroads.  Some  drifting  into  the  steep 
side  of  the  ridges  was  done  in  order  to  expose  the  material  in  place. 
West  of  the  point  south  of  the  westerlj'-  point  of  Pilot  Knob  the 
locations  of  the  test  pits  were  selected  in  open  places  on  the  mesa 
floor  between  the  sand  dunes.  On  this  portion  the  distance  between 
the  pits  was  about  1  mile  near  Pilot  Knob|  up  to  more  than  2  miles 
toward  the  west  side  of  the  sand  hills.  In  1913  the  Imperial  Irriga- 
tion District  put  dowm  three  test  pits  through  the  sand  hills  along 
the  international  boundary,  and  in  1918  the  Imperial  Laguna  Water 
Co.  put  down  several  more  along  the  same  line.  These  test  pits  all 
showed  tiie  same  general  character  ctf  material  as  those  described 
below  through  the  sand  hills. 

(h)  The  material  from  Araz  to  the  high  rocky  ridge  at  Pilot  Knob 
is  composed  of  sand,  gravel,  compacted  sand,  and  cemented  gravel. 
The  high  rocky  ridge  at  Pilot  Knob,  600  feet  across,  is  a  spur  of  the 
main  mountain  extending  to  the  east,  on  the  east^  md  of  whidi 
is  located  the  Imperial  Irrigation  District's  quarry. 

(c)  From  the  above  ridge  southwest  to  the  international  boundary 
and  thence  along  the  boundary  to  a  point  south  of  the  western  edge 
of  Pilot  Knob  the  material  is  sand,  gravd,  compacted  sand,  and 
cemented  gravel.  From  this  latter  point  to  a  point  a  mile  west  of 
the  western  edge  of  the  sand  hills  the  material  is  sand  and  gravel, 
the  major  part  of  which  is  very  loose.  Only  in  a  small  portion  of 
the  total  depth  of  holes  put  down  in  the  blow  sand  area  would  the 
material  stand  even  a  few  inches  in  height  without  cribbing.  A 
portion  of  the  compacted  sand  and  cemented  gravel  from  Araz  to 
and  around  Pilot  Knob  will  require  the  use  of  powder  to  loosen 
for  steam  shovels  or  drag-line  excavation. 

(d)  The  material  below  the  mesa  iloor  through  the  sand  hills  con- 
tains sufficient  gravd  and  coarse  sand  so  that  there  is  no  danger  of 
it  drifting  from  the  spoil  banks.  The  test  pits  are  shown  on  the 
profile  (see  Exhibit  B). 

CANAL  SECTIONS  AND  CAPACITIES. 

(a)  With  a  duty  of  1  second-foot  to  100  acres,  the  above  area 
of  900,000  acres  will  require  a  diversion  of  9,000  second-feet  in  addi* 

tion  to  the  amount  required  for  the  Yuma  project  of  1,600  second- 
feet,  or  a  total  of  10,600  second-feet  from  Laguna  Dam  to  siphon 
drop. 

(6)  All  the  larger  sections  of  the  canal  were  designed  to  give  a 
velocity  of  3.5  feet  per  second  when  running  at  capacity  and  2.5 
feet  per  second  or  better  when  running  at  half  capacity. 
149799—20  6 
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ie)  Below  are  given  some  of  the  dimensions  of  principal  oross 
sections  of  the  canal.   The  different  cross  sections  are  shown  on  the 

profile.  These  are  numbered  with  identical  numbers  for  the  cross 
section  and  on  the  profile,  showing  the  portion  of  the  canal  to  which 
it  is  applicable  (see  Exhibit  B). 

1.  The  canal  from  Laguna  Dam  to  siphon  drop  will  have  a  bottom 
width  of  162  feet,  a  water  depth  of  16  feet,  side  slopes  of  2  to  1  on 
the  river  side  and  U  to  1  on  the  land  side,  a  gradient  of  0.0000792, 
and  an  estimated  carrying  capacity  of  10,600  second-feet, 

2.  From  siphon  drop  to  the  sand  hills,  the  bottom  will  vary  from 
146  to  154  feet,  with  water  d^th  15  feet,  side  slopes  from  1^  to 
1  to  2  to  1,  a  gradient  of  0.0000786  to  0.0000862,  and  an  estnnated 
carrying  capacity  of  not  less  than  9,000  sec(»nd-feet.  The  different 
widths,  side  slopes,  and  gradients  are  due  to  different  cross  sections 
adopted  to  fit  the  yarjring  character  of  the  material  to  be  excavated. 

3.  Through  the  sand  hills  the  bottmn  width  is  140  feet,  water 
depth  15  feet^  side  slopes  2  to  1,  with  a  berm  of  30  feet  on  either 
side  at  the  surface  of  the  mesa  floor,  which  is  the  base  of  the  sand 
dunes,  a  gradient  of  0.0000$1S,  and  an  estimated  carrying  capacity 
of  9,000  second-feet. 

4.  From  the  west  side  of  the  sand  hills  to  mesa  canal  No.  1  the 
dimensions  are  the  same  as  those  used  from  siphon  drop  to  the  sand 
hiUs. 

5.  From  mesa  canal  No.  1  to  mesa  canal  No.  2  the  bottom  width  is 
125  fe^,  water  depth  12  feet,  side  slopes  1}  to  1,  gradicoit  0.00012, 

and  estimated  carrying  capacity  of  6,000  second-feet. 

6.  From  mesa  canal  No.  2  to  the  east  main  canal,  a  bottom  width 
of  113  feet,  a  water  depth  of  12  feet,  side  slopes  1*  to  1,  a  gradient 
of  0.00012,  and  an  estimated  carrying  capa^ty  of  5,502  second-feet. 

7.  From  the  east  main  canal  to  near  AlMson  heading,  a  bottom 
width  of  108  feet,  a  water  depth  of  10.5  feet,  side  slopes  1^  to  1;  * 
gradient  of  0,00014,  and  an  estimated  carrying  capacity  of  4,546 
second-feet. 

8»  From  near  ^^lison  heading  to  t^e  Alamo  BiTer,  a  bottom  width 
of  95.5  feet,  a  water  depth  of  10  feet,  side  slopes  1^  to  1,  a  gradient 

of  O.GOOloGj  and  an  estimated  carrying  capacity  of  3,797  second-feet. 

9.  From  the  Alamo  River  to  the  central  main  canal,  a  bottom 
width  of  82  feet,  a  water  depth  of  9.5  feet,  side  slopes  1^  to  1,  a 
gradient  <rf  0.00017,  and  m  estimated  carrying  ci^mcity  of  a,199 
seiDond-feet. 

10.  From  the  central  main  canal  to  the  west-side  main  canal,  a 
bottom  width  of  46.5  feet,  a  water  depth  of  8  feet,  side  slopes  1^  to 
1,  a  gradient  of  0.0002,  and  an  estimated  carrying  capacity  of  1,495 
second-feet. 
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(d)  No  reductions  in  the  size  of  the  canal  cross  sections  have  been 
made,  due  to  the  probable  losses  in  the  canal  from  seepage  for  the 
reason  heretofore  given.  The  canal  banks  are  designed  to  have  a 
6-foot  freeboard,  30-foot  crowns,  and  a  river  slope  of  IJ  to  1  from 
Laguna  Dam  to  the  deep  cuts  southwest  of  Pilot  Knob. 

CANAL  STRUCTURES. 

(a)  All  the  canal  structures  are  planned  to  be  of  concrete  and  steel. 
The  approximate  location  of  the  several  structures  is  shown  upon  the 
general  map  of  the  all-American  canal  (see  Exhibit  A).  The  cost  of 
the  several  structures  is  given  under  the  heading  "Estimates  of  cost/' 
General  plans  of  some  of  the  principal  structures  are  given  in  the 
exhibits/  These  are  shown  to  represent  types  of  the  several  struc- 
turee  as  wdl  as  spedfic  structures, 

(6)  Lagum  Dam  and  ahdceway  imprwementB. — It  is  contemplated 
to  raise  the  crest  of  Laguna  Dam  2  feet,  except  that  a  section  from 
600  to  800  feet  will  be  left  from  1  to  2  feet  lower,  to  act  as  a  sluiceway 
and  training  channel  for  the  river*  This  section  will  be  closed  by 
t(miporary  flashboards  dining  low  water.  Ejchilnt  C  shows  a  sec- 
tion of  this  proposed  change  in  the  crest  of  the  dam.  Hie  plan  for  the 
enlarged  settling  basin,  sluiceway,  and  canal  heading  is  shown  on  the 
same  exhibit.  An  additional  Stoney  gate  of  the  same  type  and  size 
as  those  now  in  place  is  to  be  added. 

(c)  Waste  gaies.—k  waste  gate  of  the  Stoney  type  will  be  located 
at  a  point  between  the  canal  heading  and  station  64,  of  sufficient 
capacity  to  drain  the  canal.  Waste  gates  of  the  same  type  are  pro- 
vided at  Araz  and  Pilot  Knob.  Other  waste  gates  of  a  lighter  type 
will  be  provided  at  the  Alaino  and  New  River  crossings. 

{d)  C%«dt«.— Checks  are  provided  below  all  iiie  piinpipal  turnouts, 
of  a  general  type  shown  in  Exhibit  F.*  Below  mesa  canal  No.  2  Hie 
water  elevation  will  be  controlled  by  the  siphon  spillway  located  at 
power  plant  No.  2. 

(fi)  The  turnouts  vary  a  great  deal  in  the  amount  ol  water  that 
will  be  required  for  the  different  distributing  laterals. 

(/)  The  two  larger  droi)s  are  located  at  power  plants  Nos.  1  and  2. 
Siphon  spillways  are  designed  for  these  locations,  in  order  to  main- 
tain a  constant  head  at  the  power  plant.  The  smaller  drops  are  of 
the  inclined-chute  type.  The  6-foot  drop  3  miles  abore  power  plant 
No.  1  may  in  the  future  be  added  to  the  drop  at  power  plant  No.  1 
by  raising  the  banks  of  the  canal.  No  provision,  however,  has  been 
made  for  this  future  work  in  the  estimates. 
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UNIT  COSTS. 

In  arriving  at  unit  costs  for  this  work,  in  consultation  with  the 
board  of  eugineers,  it  was  decided  that  costs  shouki  be  based  upon 
what  this  class  of  work  would  cost  under  present  conditions  with 
standard  equipmmt  now  in  use  upon  wox^  ci  like  magnitude*  The 
unit  prices  adopted  and  used  are  as  follows: 

JBarth  excavation: 

Laguna  Dam  to  Pilot  Knob  per  cubic  yard..  |0.  20 

Pilot  Knob  throuojh  sandhill  section  .....do   .30 

Fox  mesa  ( cuts  less  than  35  feet)  do  10.18^-  .20 

For  structures   —   4o...*  ..50 

Earth  back  £ill: 

Dr>-  do.  -  .  50 

Puddle  do...-  LOO 

Rock  excavation  do   .75 

Concrete: 

Masrive,.,  do....  15.00 

Fonned  do. .  * .  18. 00 

Fonned  in  power  plants  and  siphon  spillways  ^  do. . .  •  27. 00 

Alamo  and  New  River  flumes  do. ...  20. 00 

Lining  do   13.  50 

Canal  linii^  (4  inches  thick)  i  •  per  square  foot. .  .  17 

Rock  paving  ^  ^  •  .per  cubic  yard . .  2. 00 

Reinforcing  steel  in  place.  ^  -per  pound. .  .  07 

Right  of  way  per  acre . .        '  100. 00 

Engineering  and  ccmtingencies  pw  cent. .  15 

ESTIMATES  OF  COST. 

(a)  Estimates  of  cost  given  below  are  based  upon  the  unit  costs 
^ven  above  and  the  type  of  structures  here  indicated  and  shown. 
Other  data  that  it  will  be  necessary  to  obtain  before  final  construc- 
tion can  be  undertaken  may  change  the  sizes  of  some  of  the 
structures  and  may  modify  the  type  here  given.  However,  it  has 
been  the  object  to  make  a  cost  estimate  upon  some  definite  type 
that  is  deemed  permanent  md  upon  which  quantities  could  be  ascer* 
tained  for  an  estimate. 

(b)  First,  an  estimate  is  made  for  a  canal  to  divert  10,600  second- 
feet  at  Laguna  Dam  to  serve  the  Yuma  project,  the  Imperial  Irriga- 
tion District,  and  the  new  lands  which  can  economically  be  served. 

(fi)  Second,  an  estimate  for  a  cimal  of  7,600  second-feet  at  Laguna 
Dam  to  serve  the  Yuma  project  and  the  Imperial  Irrigation  District* 
In  this  estimate,  the  structures  have  been  estimated  of  a  size  and 
capacity  sufficient  for  the  development  of  10,600  second-feet.  Only 
such  structures  as  would  be  required  solely  for  the  larger  develop- 
ment are  o^tted. 

1  Xnoiuding  zeiiUorcinR, 
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(d)  As  a  first  alternative  under  (6)  a  concrete-lined  section  has 
been  estimated  through  tiie  deep  cut  from  Pilot  Knob  through  the 
blow  sand. 

(e)  As  a  second  alternative  under  (b)  a  concrete-lined  section  with 
a  depressed  grade  of  1.3  feet  has  been  estimated  through  the  deep 
cut  from  Pilot  Eaiob  through  the  sand  hills.  The  objections  to  a 
concrete-lined  canal  at  this  time  are:  First,  that  it  does  not  readily 
admit  of  enlargement;  and,  second,  there  may  be  more  or  less  settle- 
ment due  to  the  surrounding  ground  becoming  wet  for  the  first  time. 
The  last  estimate  mentioned  above  is  for  the  purpose  of  providing 
1,600  second-feet  additional  capacity  through  the  lined  section  with- 
out  changing  the  elevation  of  the  w«ter  surface  at  Laguna  Dam  oreat 

^  that  contemplated  in  estimate  under  (6). 

(/)  The  division  of  costs  between  the  Reclamation  Service  (for 
the  Yuma  project)  and  the  Imperial  Irrigation  District  for  the  en- 
largement of  the  diversion  works  at  Laguna  Dam,  the  enlargement 
of  the  Tuma  main  cuial  from  Laguna  Dam  to  siphon  drop  and  the 
construction  of  a  new  canal  from  this  latter  point  to  the  proposed 
power  plant  of  the  Reclamation  Service  near  Araz  is  fixed  by  the 
contract  of  October  23,  1918,  between  the  Secretary  of  the  Interior, 
and  Imperial  Irrigation  District.  These  ratios  under  the  above- 
mentioned  contract  are  as  follows:  For  a  canal  of  10,600  seoond- 
feet  capacity  at  Laguna  Dam,  the  Yuma  project  wiU  pay  two-ninths 
and  the  .Imperial  Irrigation  District  seven-ninths  of  the  cost  of  en- 
lai^ement.  For  a  canal  of  7,600  second-feet  capacity  at  Laguna 
Dam,  the  Yuma  project  will  pay  one-third  saxd  the  Imp^ial  Irriga- 
tion District  two-thirds  of  the  cost  of  enlaigeoaent.  This  division 
of  cost  is  taken  into  account  in  the  final  analysis.  In  the  develop- 
ment of  a  diversion  capacity  of  7,600  second-feet,  the  canal  structures 
are  designed  for  the  full  development  of  10,600  second-feet.  In  order 
to  obtain  the  unounts  the  several  interests  ^lould  pay,  the  costs  of 
excavation  and  structures  should  be  divided  on  a  different  basis,  m 
accordance  with  the  provision  of  the  contract  of  October  23,  1918. 
This  wiU  leave  an  investment  for  the  benefit  of  the  new  lands  w^hich 
will  come  under  the  project  in  the  future.  For  the  carrying  of  this 
investment  scmie  agreem^t  must  be  reached  between  the  Govern- 
ment and  the  Imperial  Irrigation  District  prior  to  the  beginning 
construction  and  until  the  new  lands  assume  the  indebtedness.  The 
same  principles  must  be  applied  from  Araz  to  the  points  of  bifur- 
cation where  the  new  lands  will  take  their  water.    In  this  case, 

'  however,  there  is  no  contou^t  fixing  the  methods  of  apportioning  the 
costs  between  the  new  lands  and  the  Imperial  Irrigation  District. 
For  the  piu-pose  of  arriving  at  the  cost  apportionment  between  the 
Imperial  Irrigation  District  and  the  new  lands  it  is  assumed  that  these 
coats  would  be  apportioned  on  the  acreage  basis,  or  about  60  per 
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cent  for  the  Imperial  Irrigation  District  and  40  per  cent  for  the  new 
lauds.  The  above  ratios  are  appUcable  to  the  point  where  the  first 
and  main  diversion  is  made  for  the  new  lands.  As  only  one-seventh 
of  the  water  for  the  new  lands  is  carried  throi^h  the  section  from 
mesa  canal  No.  1  to  mesa  canal  No.  2  the  ratios  for  the  division  of 
the  costs  should  be  93^  per  cent  for  the  Imperial  Irrigation  District 
and  6|  per  cent  for  the  new  lands. 

Estimate  Jor  construction  oj  all- American  canal  of  ca-pacilij  to  serve  the  Imperial  Irriga- 
tion District  and  additional  mesa  lands  with  1,600  second-Jeet  additional  capacity 
jor  Tama  project  down  to  siphon  drop, 

(Laguna  Dam  to  aipbon  drop,  canal  capacity  of  10,600  8econd*feet.) 

Excavation:  ^ 
Eartli,  5,045,000  cabkyvdB,  at  30  c^ts  $1,009,000 

Boi±,  754,600 cti»e y«ed«,  1^ 75  cents  5e5,»50 

Total   1,574,950 

15  p«r  cent  contii^iwcy  -   236, 242 

 $1, 811. 182 

Stracturee: 

Alterations  at  Laguna  Dam  (see  Exhibit  C)   745,  000 

Sluice  about  \\  miles  below  dam  ;  •   240, 000 

Turnout  reservation  canal   10, 500 

Check  below  turnout  reaervation  canal   27, 500 

Picacho  load  bridge   34, 000 

Raising  siphon  drop  •   20, 000  , 

Walapai  lateral  turnout   7, 100 

Check  below  siphon  drop   22,  000 

Paved  overflow  for  receiving  storm  waters  into  the  canal.  20. 000 

10  loBea  of  telephone  line   2, 250 

Total   1,128,350 

15  pcff  cent  contingency   252 

  1,297,602 

Cost  of  connectii^  with  Laguna  Dam  (estimated  und^ 

contact  of  Oct.  23, 1018)   1,900,000 

Total  —  •   5,008,794 

f^mntf  for  cofMfruefton  of  all-American  canal  of  capacity  to  serve  the  Imperial  Irrigor* 

Kon  ]>i9irki  and  addUioml  me$a  Imde. 

(Siphon  drop  to  Azas,  9,000  aecond-foot  canal). 

Earth,  2,600,000  cubic  yards,  at  20  cents  ^20, 000 

Earth  fill  (raising  railroad  grade),  30,000  cubic  yards,  at  30  cents. .       9, 000 

Raising  and  ballasting  track  1  mile   6, 000 

Concrete  lining  4,400  feet  of  canal  along  railroad  track  4  inches 
thick,  950,000  square  feet,  at  17  cents   161, 500 

T<rtaL  -   696,500 

15  per  cent  contiiifteincy.  •   104, 475 

«p«rc««uuiiM.««u,y    $800,975 


Structures:                                                             ^  |34,000 

ffidiwaybndge  :  ■ oc  Ann 

Double-tjack  rattway  bridge  at  Araz  aiding   ^ 

1  culv^  for  surface  drainage.   34  *  OOO 

Highway  bridge   235!  000 

Waatoway....   22,000 

SSl^erfloir  for'ieceiVii  storm  waters  into  the  canal... .  20, 000 

g  mOes  teteptone  line  


  485,126 

T^^^   72,780 

15  per  cent  contingency    Z  $557,894 


  1,358,869 

Grand  total  


BeHmaU  for  conetrueHan  of  alUAnu^n  canal  of  capacity  to  serve  the  Imperial  Irriga^ 
(Alia  to  upper  power  rite,  Pilot  Knob,  opposite  Rockwood  gate,  9,000  Beoond4oot 


canal.) 

Excavation:  tlBLOOO 

Earth,  805,000  cubic  yards,  at  20  cents   io?750 

Rock,  145,000  cubic  yards,  at  75  cents  y  -  -  "-:^  J^'egg 

Concrete  lining  400 feet  canal.  86,400  square  feet,  at  17  ceute.  14,  «W 


  284, 438 

Total  -   666 

15  per  cent  contingency   1327, 104 

Structuwe:  335^  000 

Sluiceway*   22,000 

 ::   34,000 

Highway  bndge^. . .  - .  -  

2  culverts  for  surface  diauMge  

1|  miles  telephmw.    _ 


  421,340 

Total   ^201 

16  per  cent  contingency     484,541 


  811, 645 

Grand  total  ' 


E^Mcamtrucii^ofall-Arner^n  canal  of  capacity  to  serve  the  Imperil  Ini^a  - 

lion  DiOriet  and  additwnal  mem  lands. 

(UK«  power  sLl».  Pilot  Knob,  opposite  Rockwood  gates,  to  PUot  Knob.  9.000  second- 

\  fi  i^jQ^  canal.) 


Earth,  1,122,000  cubic  yards,  at  20  cents  

Bock,  1.31»,000  cubic  yards,  at  75  cents   wo, 


 1,212,900 

Total   jgj^  935 

15  per  cent  contingency   '  $1, 394, 835 


^  structures  to  b.  k«l«d  at        a--^  'or  power  site";;^m««t  («e  Paw-  *v*>^ 
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Structures: 

Railroad  bridge   |45, 000 

Culvert  for  surface  drainage   20, 000 

IJ  miles  telephone  Une   340 

Total   65, 340 

15  per  crat  ccmtiiigracy   9,801 

Grand  total   1,469,976 

EstmaU  Jiff  omMtrvction  of  all- American  canal  of  capacity  to  serve  the  Imperial  Irriga- 
tion District  and  additional  mesa  lands. 

(Pilot  Knob  to  east-side  mesa  canal  No.  1  (station  1525),  9,000  second-foot  canal.) 

Excavation: 

Earth,  46,736,000  cubic  yards,  at  30  centa   $14, 020, 800 

Earth,  1,770,000  cubic  yards,  at  20  cents.   354,000 

Blow  sand,  500,000  cubic  yards,*  at  30  cwitB   150, 000 

Rock,  312,000cttbic  yards,  at  75  cento,.-   234,000 

Total   14,758,800 

15  per  cent  contingency   2, 213,820 

 $16,972,620 

Structures: 

East  meea  canal  No.  1  turnout   24,000 

Drop  and  check.   52, 000 

26  miles  tdeplKme  Une   5,850 

Ttatal   ^^'^^^ 

15  POT  cent  contibagency.   12, 277 

^    84,127 

TotaL   17,066,747 

jgirffinffff  J6r  eontirueiimofalUAni^rican  canal  of  capacity  to  serve  the  Imperial  briga^on 

JH^riet  and  adHiumal  mesa  kmde. 

(llesa  canal  No.  1  to  mesa  canal  No.  2,  6,000  second-foot  canal.) 
Excavation: 

Earth,  2,344,556  cuHc  yards,  at  18  caits  $422, 020 

15  per  cent  contingency  -   t&^Wi  ^ 

Structures: 

30-foot  siphon  q[nllway  for  opentkm  with  power  plant....  88, 740 

Turnout  for  mesa  canal  No.  2                      •  •  •   l^j  ^ 

fromle  telephone  line  •   1»  125 

Total   865 

15perc6BttO(Hktingency   H 

Grand  total   600.168 
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Estimaie/or  constriLction  of  ail-American  eanal  of  capacity  to  serve  the  Imperial  Irrigation 

District  and  atkKtional  mesa  lands, 

(Mesa  canal  No.  2  to  westHode  main  canal,  5,500  to  1,500  second-foot  canal.) 

Excavation : 

Earth,  6,836,400  cubic  yards,  at  18  cents   $1, 230, 552 

15  per  cent  contingency   184, 583 

^  ^   $1,415,136 

Structures:  . 

47<^tfflphon8!aUwayforoperati0nwithpowerplantNo.2.  96, 100 

Turnout.   14,000 

Check   11, 000 

Drop  -   28,000 

Turnout   10,000 

Waetewmy  to  Alamo  Riv^   44,000 

C&eck   9,000 

Fliune  across  Alamo  River   116, 000 

Turnout.   7W 

Check   9,800 

Ihop...   26,500 

Turpout   5j  5^ 

Do   18, 000 

Check  :   5,700 

Drop   8,500 

Do   14, 000 

Wasteway  at  New  Eiver   130, 000 

Check   4,000 

Flume  across  New  Biver   781, 000 

Turnout   6, 000 

Check   4, 000 

Drop   8,500 

5  highway  bridges  near  Calexico   52, 500 

Highway  bridge,  station  2350   21, 000 

Highway  bridge,  station  2690   14,000 

Railroad  bridge  at  Calexico   15, 500 

Right  of  way   125,000 

35  miles  telephone  line   7, 876 


Total   1,585,875 

16  per  coit  ocmtingency   237, 882 

  1,823,757 


Grand  total  -   3,238,802 

E^imaJUfiff  con^rudim 

Dietru^  and  cOiUhnal  meea  kmds  wiA  1,600  eeemd/e^  mUHhnal  mfonMt  fat 
Yuma  ffojed  down  U>  sipbm  drop  {lOjSOO  to  1,500  eeeamdjati). 

RECAPrrULATION. 

Laguna  Dam  to  siphon  drop   $5, 008, 794 

Siphon  drop  to  Araz   1, 358, 869 

Araz  to  upper  power  site,  Pilot  Knob   811, 645 

Upper  power  site  to  Pilot  Knob   1, 469, 976 

Pilot  Knob  to  eastode  mesa  canal  No.  1   17, 066, 747 

Mesa  canal  No.  1  to  mesa  canal  No.  2   600, 168 

Mesa  canal  No.  2  to  westdde  main  canal   3,238,892 

Total.   29,555,091 
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EsUrmtefar  e^truetion  ofalUAmmc«n  emml  a/ capacity  to  serve  the  Imperial  rr>gatior, 
T^aJLuUnud  LaU^f^  1,600  secor^-feet  addUioml  capaaty/or  Yuma 
project  down  to  xiphon  drop  {10,600  to  1,500  teeemd-feet). 

DIVISION  OF  COSTS 

]   ]5et  ween  the  Yuma  project  for  power  development  and  the 
'  Imperial  Irrigation  District,  including  the  new  landa: 

La-una  Dam  to  siphon  drop  

Siphon  drop  to  Araz   '     '       |g  367,663 

Less  connection  with  Laguna  Dam  (estimated  under  con-  i  ooo  ooo 

tract  Oct.  23,  1918)   '  ' 

Amount  to  be  apportioned  between  the  Yuma  project  and  4. 467  66S 

the  Imperial  Irrigation  District  "        ;'„;;; mo  ' 

For  the  Yuma  project,  two-ninths  (contract  Oct.  23, 1918) .  W£, 

For  the  Imperial  Irrigation  District,  seven-ninths  (con- 
tract  Oct.  23.  1918)   ^,^7*,^  4,4$7,663 

2.  Between  the  Imperial  Irrigation  District  and  Ow  new 

lands:  _  jwq 

Lasuna  Dam  to  Araz  (seven-ninths  above)   ,  m«'  nno 

Connection  with  Laguna  Dam  (above)   In '  845 

Araz  to  upper  power  site  (Pilot  Knob)   ,  irn'oTO 

Upp^r  power  site  to  Pilot  Knob   ,7  S  747 

PUot  Knob  to  east-side  mesa  canal  No.  1   U,voo,i'*  ^^^^^ 

60  per  cent  apportioned  to  Imperial  Irrigation  [District.. 

40  per  cent  apportioned  to  new  lands  '  '      24,723, 217 

East-side  mesa  canal  No.  1  to  mesa  canal  No.  2^^ .  -  -  -  -  - 

93J  per  cent  apportioned  to  Imperial  Irrigation Distoct. .      560, 1&7 

6}  per  cent  apportioned  to  new  lands  -   '  ^  jgg 


3.  Summation  of  costs  to  different  inteieets: 

The  Yuma  project  ■   ' 

The  Imperial  Irrigation  District— 

60  per  cent  apportioned  above   mo  i  w 

93 J  per  cent  apportioned  above   «  oJa' 

Mesa  canal  No.  2  to  wes^side  main  canal   979 

The  new  lands—  „  „  r,^rj 

40  per  cent  apportioned  above  •   40  oil 

e}  per  cent  apportioned  above   '       9, 929, 298 


Total 


29, 555, 091 
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Ettmate  for  emutrueticm  0/ all- American  canal  ofcapaciU,  to  serve  the  Imperial  Irrigation 
Ditlriet  vfiA  1,600  mmmd-Jeet  additumal  capacity  for  Yuma  project  down  to  siphon 
drop. 

(First  alternative:  PUot  Knob  to  mesa  canal  No.  1,  P,000  second-feet  canal.) 

A  first  alternative  estimate  was  made  to  provide  a  concrete-lined 
section  through  the  sand  hills.  The  concrete  lining  is  to  be  4  mches 
thick  and  extend  2  feet  above  the  high-water  line.  The  followmg 
are  the  principal  hydraulic  functions: 

Bottom  width  !? 

.1   00   lo 

Depth   2  to  1 

^^^^^T'  o.«»n 

Gradient  .  ^ 

Velocity  feet  per  second..  6 

Discharge  -HX-MWBet..  ».0» 

Excavation: 

Earth,  40,736,000  cubic  yards,  atSOceBts  fl2,2ZO,8yo 

Earth,  1,770,000  cubic  yards,  at  .20  cea4a^   '^'SS 

Blow  sand,  500,000  cubic  yards,*  at  30  cento   ***'nnfl 

Rock,  312,000  cubic  yards,  at  75  cents  -  284,000 

Concrete  lining,  10,278,000  square  feet,  at  17  cento   1, 747, 280 

T6tal   14,706,060 

ISpercentcoalangency....   — ^^"'^^^  $16,911,969 

Structures: 

East  mesa  canal  No.  1  turnont   ^%wu 

26  miles  of  telephone   


Total  ;  

15  per  cent  contingency   


34,327 


G«««i  total  

Estimate  for  construction  of  all- American  cannl  of  capacity  to  serve  the  Imperial  Irrigation 
District  with  1,600  second-feet  additional  capacity  for  Ymw.  projeet  down  tonpkon 
drop. 

(Second  alternative:  PUot  Knob  to  mesa  canal  No.  1, 10,eOO  wcond-Jeet  canal.) 

A  second  alternative  estimate  was  made  to  provide  a  concrett^lined 
section  through  the  sand  hills,  but  with  a  deeper  section  than  the 
first  alternative  estimate,  in  order  to  give  an  additional  capacity-  of 
1  600  second-feet.  The  concrete  lining  is  to  be  4  mches  thick  and 
eitwid  2  feet  above  the  high-water  line.  The  followmg  are  the 
principal  hydraulic  functions : 

Bottom  width  

 do   16.3 

■■  "*  ■   2tol 

Side  slope   0.00017 

Velocity  feet  per  second. .  6. 36 

SL"S;v.-.-.':::::   ^ 


i  EatliDsted  tinoaiit  of  laad  that  wi^  Mow 
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Excavation: 

Earth,  43.005,000  cubic  yards,  at  30  cents   $13,  081,  500 

Earth,  1,770,000  cubic  yards,  at  20  cents   354,  000 

Blow  sand/  500.000  cubic  yards,  at  30  cents   150,000 

Rock,  312,000  cubic  yards,  at  75  cents   234,000 

Concrete  lining,  10,792,000  square  feet,  at  17  cents   1, 834, 640 

Total   15,654,140 

15  per  cent  contingency   %  348, 121 

 •18,012,261 

Structures: 

East  mesa  canal  No.  1  turnout   24, 000 

26  miles  telephone   5, 850 

Total   29,850 

15  per  cent  contingency   4, 477 

  84,827 

Ctouid  total  •  -  ..^  18,036,688 

The  above  alternative  estimates  include  the  extra  excavation  from 
the  west  side  of  ihe  sand  hills  to  station  1575,  due  to  the  ^mal  being 
in  deeper  eut  because  of  the  increased  slope  of  the  ccmoret^lined 
section.  The  6-foot  drop  at  station  1575  will  just  be  elitttinated  by 
the  greater  gradient.  This,  however,  will  lower  the  elevation  of  the 
east  mesa  canal  No.  1,  6  feet,  and  thus  eliminate  a  certain  acreage  on 
the  east-side  mesa  that  can  not  be  sOTved  by  gravity.  It  will  also  re- 
duce the  possible  head  at  mesa  power  station  No.  1  from  30  to  24  feet. 
Alternative  No.  1  decreases  the  cost,  $120,451  ovot  a  canal  built  in  an 
earth  section.  Alternative  Xo.  2  increases  the  cost  $969,841  over  a 
canal  built  in  an  earth  section.  The  estimated  cost  of  the  other  sec- 
tions of  the  canal  will  remain  the  same  as  in  the  first  estimate  and  are, 
tiierefore,  not  repeated  above.  In  tiie  second  alternative  estimate » 
future  enlargements  of  the  eartii  sections  are  anticipated  but  not 
covered  in  this  estimate. 

B^imaU  for  eimUmctikm  oj  aU-Amenean  amai  oj  eapaeiiy  to  urve  the  Imperial  Inigth 
Hon  Dieiri^  with  1^600  eeemi'Jeaadii^^  Yuma  project  iawn  to  eipkon 

drop. 

(Lagtma  Dam  to  siphon  drop,  7,000  second-foot  canal.) 

Excavation: 

Earth,  3,570,920  cubic  yaxds  at  20  cents   $714, 184 

Rode,  542,300  cubic  yuds  at  75  cents   406,725 

Total   1,120,909 

15  per  cent  contingency   168. 136 

 $1, 289, 045 

Stmctoies: 

Alterations  at  Laguna  Dam  (see  Exhibit  C)   745, 000 

Sluice  about  li  miles  below  Dam   240, 000 

Turnout,  reservation  canal   10,  500 

Check  below  turnout,  reservation  canal   27,  500 

Picacho  road  bridge   34,  000 

Raising  siphon  drop   20, 000 


>  Sfltlnstsd  aflMmnt  sT  aM4  tiM  irffl  Mow  la 


THE  AliL-AMBBIGAN  GAKAL. 


93 


Structures— Continued. 

Walapai  lateral  turnout   $7, 100 

Check  below  siphon  drop   22, 000 

Paved  overflow  for  receiving  stem  waters  into  the  canal.  20, 000 

10  miles  of  telephone  line   2, 250 

Total.   1,128,350 

15  per  cent  contingency   mK2ry2  ^ 

Imperial  Valley  cost  of  connecting  with  Laguna  Dam 
(contract  of  Oct.  23,  1918)   1,600,000 

Grandtotal   4.186,«47 

Briimaie Jor  emOmaim  ofall^Ameriean  canal  oj  capaeity  to  $erve  the  Imperial  Irrigatum 

Dietrid. 

(Siphon  drop  to  Araz,  6,000  aecond-foot  canal.) 

Excavation: 

Earth,  2,300,000  cubic  yards  at  20  cents  $460, 000 

Earth  fill  (raising  raihroad  grade),  30,000  cubic  yards  at  30 

cents  •  

Raising  and  ballasting  1  mile  of  track   6, 000 

Concrete  lining  4,400  feet  of  canal  along  railroad  track  4  inches 

thick,  950,000  square  feet  at  17  cents   161, 500 

Total   636,500 

15  per  cent  contingency   95,475 

Structures: 

3  h%hway  bridges   102, 000 

Double-track  raUiroad  bridge  at  Ana  dding.   85, 000 

1  culvert  for  surfiMe  drainage   20, 000 

Waateway   235,000 

CSheck   22,  000 

Paved  overflow  for  receiving  storm  water  into  canal.   20, 000 

5  miles  telephone  line.   1, 125 

Total   485,125 

15  per  cent  contingency   "2, 769 

Gland  totaL   1,289,86^ 

E^imaU  Jor  oondrueHon  of  all-Ammean  canal  of  capaei^  to  serve  the  Imperial  Irrir 

gaHon  District. 

(Aiaz  to  upper  power  site,  Pilot  Knob»  opposite  Rockwood  gates,  6,000  seocoid* 

foot  caiubl.) 

Excavation: 

Earth,  504,000  cubic  yards  at  20  cents  $100, 800 

Rock,  109,000  cubic  yards  at  75  cents.   81, 750 

Ck>ncsrete  lining  400  feet  canal  4  indies  thidE,  74,400  square 
feet  at  17  cents   12,648 


Total   195,198 

15  per  cent  contingency   29, 280 


9^478 
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Structures: 

Sluiceway!   $325,000 

Check'   22,000 

Highway  l>ndge   34.000 

2  culverts  for  surface  drainage   40,  000 

IJ  miles  telephone   340 


Total   421,340 

15  per  cent  contingeQcy   63, 201 

 $484,541 

Grand  total   709,010 


Etiimate  /or  eontiruction  of  dUrAmerican  canal  of  capacity  to  mve  the  Imperial  Jrriga^ 

tiaxi  District, 

(Upper  power  aite.  Pilot  KDolft»  opfioflite  Bockwood  gates,  to  Pilot  Knob,  6,000  seoond- 

foot  canal.) 

Excavatbn: 

Earth,  702,000  cubic  yaxds,  at  20  ceats  |1M,  400 

Rock,  982,000  cubic  yards,  at  75  cents   736, 500 

Total   876,900 

16  per  cent  contingency   131, 535 

 $1,008,435 

Structuies: 

BaQioad  teidge   45,000 

Culvert  for  surface  drainage.   20, 000 

1|  mileB  telephcme  line   340 

Total   65,840 

15  per  cent  contingency   9, 801 

.    75,141 

Grand  total  ,   1, 083, 576 

Estimate  for  construction  of  all-American  canal  of  capacity  to  serve  the  Imperial  Irriga- 
tion District, 

(Pilot  Knob  to  west  side  main  canal,  6,000  to  1,500  second-foot  canal.) 

Excavation: 

Earth,  statuuis  385  to  470,  1,663,000  cubic  yards,  at  20 
cents   $332,600 

EarOi,  stations  470  to  1525,  43,820,000  cubic  yards,  at  30 

cents   13,146,000 

Earth,  station  1525  to  end,  9,216,000  cubic  yaids,  at  18 

cents   1,658,880 

Blow  sand,2  500,000  cubic  yards,  at  30  cents.  *   150, 000 

Bock,  294,000  cubic  yards,  at  75  cents   220, 500 

Total   15,507,980 

15  per  c^  contingei^   2, 326, 197 

 $17, 834, 177 

» Structures  to  be  located  at  place  selected  for  power  site  or  permanent  wasteway  (see  "  Power  develop- 
ment," p.  97). 
*  Estlnittte  of  smoimi  <tf  aand  that  wffl  bloir  In  diffi^ 
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Structures: 

24-foot  siphon  spillway  for  operation  with  power  plant 

No.  1^   $88,740 

47-foot  siphon  spillway  for  operation  with  power  jdant 

No.  2   96,100 

Turnout   14,000 

Check  

Drop   28,000 

Turnout   10,000 

Wasteway  at  Alamo  River   44,000 

Check  

Flume  across  Alamo  River   116,000 

Turnout  r   ^ 

Check   'iSOO 

Drop   26,500 

Turnout   5, 500 

Turnout  •   18,000 

Check   5,700 

Drop  

Drop   14,000 

Wasteway  at  New  River   130,000 

Check  

Flume  across  New  River   781, 000 

Turnout   6,000 

Check  

Drop   8,500 

5  highway  bridges  near  Calexico     52,500 

Highway  bridge,  station  2350   21,000 

High^vay  bridge,  station  2690   14,000 

Railroad  bridge  at  Calexico   15i  500 

Right  of  way   125,000 

66  miles  of  telephone  line   14,850 


ToUl   1,681,590 

15  per  cent  contingency   252, 238 

  $1,933,828 


Grand  total   19,768,006 


Estimate  for  construction  of  all- American  canal  of  capacity  to  serve  the  Imperial  Irrigatum 
District  with  1,600  second-feet  additional  capacity  for  Yuma  project  down  to  siphon 
drop  {7,600  to  1,500  second-feet). 

RBGAPmTLATION. 


Laguna  Dam  to  siphon  drop  186,647 

Siphon  drop  to  Araz   1,289,869 

Araz  to  upper  power  site,  Pilot  Knob   709,019 

Upper  power  site  to  Pilot  Knob   1,088,676 

Pilot  Knob  to  west-side  main  canal  19, 768,006 


Total   27,037,116 


iCoortracted  for  mn  de^eloiaiient  m  fur  w  poosible.  Wm  eort  about  awae  as  though  boiltftiUWctit 
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Estimate/or  conatrudion  of  aU-Ammcan  canal  of  capacity  to  serve  the  Imperial  trrigatim 
District,  with  1,600  second-feet  adH^ioml  eapoeUjffor  Tvma  jMPCijeei  4(mn  to  riphm 
drop  {7,eQ0  to  1^600  eec&nd-fed). 

,  DxvisioK  ov  com. 

1.  Between  the  Yuma  project  for  power  developmeat  aad  the  Imperial  Irrigation 
District,  including  interest  of  new  lands  in  structures: 

Laguna  Dam  to  siphon  drop,  excavation   $1, 289, 045 

Si]^n  drop  to  Araz,  excavation   731, 975 

 $2,021,020 

Amount  to  be  apportioned  between  the  Yuma  pioject  and 
the  Imperial  Irrigation  District — 
For  the  Yuma  project,  tme-third  (c<mtiact  Oct.  23, 

I^IS)   673,673 

For  the  Imperial  Irrigation  District,  two-thirds  (con- 
tract Oct-  23,  1918)   1, 347, 347 


2, 021, 020 
1,856,496 


1, 855,496 


liagana  Dam  to  siphon  drop,  Btructures   1, 297, 602 

Siphon  drop  to  Araz,  structuras   $57, 894 

Amount  to  be  apportioned  between  the  Yuma  pf^ect 
and  the  Imperial  Irrigation  District — 
For  the  Yuma  project,  two-ninths  (contiact  Oct.  23^ 

1918)   412,332 

For  the  Imperial  Irrigation  District,  aevenrnintbs 

(contract  Oct,  23,  1918)   1,443, 164 

2.  Between  tbe  Imperial  Inigation  District  and  the  new  lands, 
stractores  only: 

Connecting  with  Laguna  Dam  {contract  Oct,  23, 1918) ...  1, 600, 000 

Laguna  Dam  to  Azaz  (seven-ninths  above)   1,443,164 

Araz  to  upp^  power  mte,  Pilot  Knob   484, 541 

power  site  to  Pilot  Knob   76, 141 

60  per  cent  apportioned  to  the  Imperial  Irrigation  Dis- 
trict   2, 161, 708 

40  per  cent  apportioned  to  the  new  lands   1 .  1  n .  1 38 

  3,602,846 

24-foot  siphon  spillway  for  operation  with  power  plant 

No.  1   88,  740 

9SJ  per  cent  apportioned  to  the  Imperial  Irrigation  Dis- 

teict   82,824 

6}  per  cent  apportioned  to  the  new  lands   6, 916 

3.  Summation  of  costs  to  different  interests: 

The  Yuma  project — 


3,602,846 


88,740 


One-third  apportioned  on  excavation  above   673, 673 

Two-thirds  apportioned  on  structures  above   412, 332 

The  new  lands — 

40  per  cent  apportioned  on  structures  above   1>441, 138 

6|  per  cent  ai^>ortioned  on  structures  above.  ^   5, 916 

The  Imperial  Irrigation  District — 


1,086,005 


1,447,054 


Total  cost   27,037,116 

LesB  amount  apportioned  to  Yuma  project,  as  given 

above   1,086,005 

Less  amount  af^MiErtioned  to  new  land,  as  giv^  above.  1, 447, 054 

  2,533,059 

Net  cost  to  Inqieml  Irrigation  District   24, 504, 057 
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POWER  P£V£LOPMENT. 

(a)  Plans  are  made  for  a  temporary  or  construction  power  plant 
at  or  near  Pilot  Knob,  where  a  drop  of  about  30  feet  can  be  obtamed 
hf  discharging  the  water  into  tbe  Imperial  Canal.  This  power  plant 
should  be  constmcted  and  made  available  for  the  generation  of 
power  at  as  early  a  date  as  possible  in  order  to  furnish  cheap  power 
for  (Construction  purposes.  The  plans  are  for  the  development 
of  two  urntB  of  4,500  turbine  htursepower  eadi,  with  providon  foir 
adding  a  third  imit  of  the  same  size.  In  the  preliminary  report  the 
temporary  power  plant  was  located  at  the  lower  or  south  end  of  the 
rock  cut  at  Pilot  Knob.  Since  that  report  was  made  another  site 
nearly  opposite  the  Eockwood  gate  has  also  be^  investigated.  Test 
pits  at  both  sites  have  been  put  down  as  deep  as  possible  without 
resorting  to  piunping  of  the  water.  The  tajhace  of  the  upper  one 
of  these  sites  would  discharge  into  the  Imperial  Canal  between  the 
Rockwood  and  Hanlon  gates.  The  taihace  from  the  lower  site  will 
discharge  into  the  Imperial  Canal  below  Hanlon  gate.  It  is  as  yet 
a  question  which  of  these  sites  should  be  devdoped.  If  developed 
at  the  upper  site  and  a  siphon  spiUway  used  to  regulate  Ihe  flow  in 
conjimction  with  the  power  house  and  later  a  sluice  gate  located  at 
the  lower  power  site  were  constructed,  considerable  heavy  construci- 
tion  work  would  be  avoided  until  after  tbe  upper  portion  of  the  sya- 
tem  could  be  placed  in  operation  and  electric  power  generated.  This 
would  give  an  estimated  expenditure  of  $4,880,258  for  canal  con- 
struction from  Laguna  Dam  after  deducting  the  following  itema 
from  the  first  three  items  uxuier  ^'Eecapitulation^'  (p.  89) : 


Cost  of  connecting  with  Laguna  Dam   $1, 900, 000 

Sluiceway  and  check   347, 000 

15  per  cent  contingency  on  above   52, 050 

Total dednctaon  !   2,298,06(1 

To  which  should  be  added; 

CSoDstnietkmpoveri^ait.  *   $70^921^ 

TMOiBoe  -   96,0B0 

TotaL  ,   800|,O0fr 


Makmg  total  expenditure  of  $5,680,258. 

(b)  West  of  the  sand  hills  there  are  two  drops  where  it  is  planned 
to  develop  power.  These  we  have  called  power  plant  No«  1  and 
power  plant  No.  2« 

(e)  At  power  plant  No.  1,  whieh  is  located  4  miles  west  oS  the 
east-side  mesa  canal,  there  is  a  fall  of  24  feet.  Three  miles  east  of 
this  power  site  there  is  a  drop  of  6  feet,  which  may  in  the  future  be 
carried  downstream  to  power  plant  No.  1  hj  raising  the  canal 
14879»-«»  7 
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banks  and  the  structures  at  the  power  plant,  giving  a  total  fall  of  30 
feet.  The  plans  at  this  site  are  for  the  development  of  4:  units  of 
4,500  turbine  horsepower  each. 

id)  Power  plant  No.  2  is  situated  5  miles  west  of  power  plant  No.  1. 
At  this  site  a  head  of  47  feet  can  be  obtained.  The  plans  are  for  the 
development  of  4  units  of  6,500  turbhie  horsepower  each. 

(e)  The  above  developments  are  for  the  maximum  capacity  of  the 
canals.  At  power  plants  Nos.  1  and  2  the  discharge  during  the  mini- 
mum flow  of  the  nsrer  may  fall  to  20  or  25  per  cent  of  the  maximum 
capacity.  This  will  limit  the  amount  of  power  available  for  com-* 
mercial  purposes  after  deducting  the  amount  required  by  the  Yuma 
project  and  Imperial  Irrigation  District  for  operating  purposes  and 
pumping  at  the  period  of  minimum  discharge. 

(/)  It  is  planned  that  the  power  equipment  installed  in  the  con- 
struction power  plant  at  Pilot  Knob  will  be  used  in  power  plants  Nos. 
1  and  2,  The  first  plant  will  be  built  entirely  for  construction  purposes. 
Credit  has  been  given  in  the  estimate  for  the  machinery  that  will  h. 
transferred  to  the  other  plants.  Therefore  the  cost  of  the  plant 
given  below  should  be  depreciated  witiiin  the  period  covered  by 
construction  and  charged  to  the  cost  of  furnishing  power  for  con- 
struction purposes. 

ig)  The  estimated  cost  of  developing  the  power  plants  without 
transmission  lines  is  as  follows: 

E&tiniated  m»t  of  pwver  developmmi. 


Item. 


Preparatory  work  

Excavating   

Buildii^  and  fomidatioiKs  

Machinery  

Draft  tubes,  grillage,  and  trash  boom. 

Gates  and  hoists  

Siphon  spillway  

Switch  yWrd  

Settling  basin  and  cooling  towCT- ,  - . . 

Operators'  quarters  * 

Ixaprovement  to  grounds  


Total  

15  per  cent  oontingeniy . 


Credit  iar  machinery  used 
Total  coet  of  plants. 


Power  plant 
No,l 

Power  plant 
No.  2. 
■ 

Construc- 
tion power 
punt. 

$48. 610 
3, 670 
148, 970 
786, 020 
14,  680 
19,  220 

(*) 

13,280 

2,  530 
22.  610 
11,300 

$48,  030 
4,800 

220,  520 
1,057, 130 
18,  010 

21,  760 

C) 

13,  280 

2,  530 

22.  610 
11,300 

$43,  520 
7,970 
72,  530 
388,  000 
4,  750 
12, 320 
74,g40 

3, 390 
5, 650 

1, 070, 890 
160,633 

1,419,  970 
212,995 

612,  970 
91, 950 

1.231,523 

1, 632, 965 

704, 920 
182, 140 

1, 231, 523 

1,632,965 

522,780  . 

1  C^uuiKed  tato  canal  ooostftieiloiu 

PoiiT£B  J.  Preston,  Engineer* 
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